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CREATINURIA IN WOMEN. 


By MARY S. ROSE. 


(From the Department of Nutrition, Teachers College 
New York.) 


Columbia University, 


(Received for publication, August 9, 1917.) 
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CREATINURIA IN WOMEN. 


By MARY 8S. ROSE. 


(From the Department of Nutrition, Teachers College, Columbia University, 
New York.) 


(Received for publication, August 9, 1917.) 


Normal men do not excrete creatine in appreciable amounts on a diet 
which is free from preformed creatine and creatinine, or on a diet con- 
taining creatine unless the amounts are large or the diet very high in pro- 
tein. Normal children, however, excrete endogenous creatine,'! and ac- 
cording to Krause,? the younger the child the less its ability to retain 
creatine administered per os. Normal women exhibit an intermittent 
creatinuria. Krause* kept under observation for several months a group 
of women suffering from disabilities which did not interfere with me- 
tabolism, and although the diet was creatine- and creatinine-free, creatine 
was always present after menstruation, but in most eases absent or pres- 
ent in mere traces 2 or 3 weeks later. It sometimes persisted through 4 
weeks, especially if menstruation were irregular. 

The significance of the appearance of endogenous creatine in the urine 
is obscure. Current views have recently been discussed by Underhill, 
who points out the well recognized association of the elimination of crea- 
tine with perversions of carbohydrate metabolism, and also calls atten- 
tion to the fact that carbohydrate deficiency does not explain all the cases 
in which creatine appears in the urine. Thus creatinuria in the pig on a 
diet ample in carbohydrate was attributed by McCollum and Steenbock® 
to the character of the proteins in the diet, while Underhill and his asso- 
ciates have pointed out that ‘‘in nearly every instance in which creatine 
appears in the urine there is an accompanying acidosis,’’ and have demon- 
strated experimentally that in the case of the rabbit a diet of oats and corn 
causes a prompt appearance of creatine in the urine, always accompanied 





1 Rose, W. C., J. Biol. Chem., 1911-12, x, 265. Folin, O., and Denis, 
W., ibid., 1912, xi, 253. 

? Krause, R. A., Quart. J. Exp. Physiol., 1914, vii, 87. 

* Krause, Quart. J. Exp. Physiol., 1911, iv, 293. 

4 Underhill, F. P., J. Biol. Chem., 1916. xxvii, 127. 

5 McCollum, E. V., and Steenbock, H., J. Biol. Chem., 1912-13, xiii, 
209. 
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4 Creatinuria 


by acidosis, as measured by the hydrogen ion content of the urine. That 
the proteins of the diet were without special significance in this connection 
seems equally well proven. 

Underhill and Baumann’ have also shown that in phlorhizin glyco- 
suria creatinuria occurs even when large quantities of alkali are adminis- 
tered, and that hypoglycemia resulting from injection of hydrazine sulfate 
is accompanied by an elimination of creatine. Thus it seems clear that 
‘‘creatine elimination in the urine may be induced by at least two sets of 
conditions: (1) creatine may appear inthe urine where carbohydrate de- 
ficiency is not involved and (2) creatinuria may be present during carbo- 
hydrate deficiency even in the absence of acidosis.”’ 

That the amount of protein in the diet may be a factor is suggested by 
Denis,’ who finds that forced protein feeding induces creatinuria in cer- 
tain cases of hyperthyroidism, whereas a low protein diet produces a crea- 
tine-free urine. She has also reported similar results® from varying the 
protein intake of children. None of these findings seems to explain the 
intermittent creatinuria of women. 


From time to time studies have been made in this laboratory 
which it was hoped would throw further light on this problem, and 
eight of them, made upon six normal women, are here reported. 
On account of the erratic character of the creatine elimination 
as shown by preliminary trials, short periods were without signifi- 


vance. Daily estimations of creatinine and creatine were there- 
fore continued from 18 to 32 days, creatinine being determined 
by Folin’s method and creatine by Benedict’s modificatio The 
data of the individual experiments are given in the table. 

The creatine output varied greatly with the individual. Asmay 
be seen from the table, in some instances it appeared every day for 
which determinations were made (I and IT), while in others it was 
detected only oceasionally (VI and VIII). The subject of I 
served also a year later for II, and similarly II] and LV represent 
the same individual. There is more resemblance between two 
curves for the same person than between any two from dif- 
ferent sources, but aside from the tendency of these two persons to 
excrete creatine almost continuously there is no striking uni- 
formity. One point of interest was to see whether any quanti- 
tative relationship existed between the creatine and creatinine, 
and it will be noted that very often when the creatine was high 

® Underhill, F. P., and Baumann, E. J., J. Biol. Chem., 1916, xxvii, 151. 


7 Denis, W., J. Biol. Chem., 1917, xxx, 47. 
8 Denis, W., and Kramer, J. G., J. Biol. Chem., 1917, xxx, 189. 
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the creatinine was low, and vice versa, but in plotted curves the 
sum of the two did not make a straighter line than either one 
alone. In six out of the eight experiments creatine disappeared 
with the onset of menstruation, and reappeared shortly after- 
ward, with one exception (V). 

The diet was in all cases free from preformed creatine and 
creatinine. In I, where creatine appeared constantly, but in 
varying amounts, the diet was weighed, analyzed, and kept uni- 
form from day to day. For other purposes urine and feces were 
analyzed, and the nitrogen intake ranged from 6 to 7 gm. per 
day for a subject weighing 60 kilos. In this case a relatively 
high protein diet was certainly not the cause of the creatinuria. 
There was no lack of carbohydrate and the diet was specially 
chosen to avoid acidosis. A year later on a diet less carefully 
controlled as to quantity and variety, there was a constant cre- 
atinuria (II). Subject VII was on a diet consisting exclusively 
of potatoes and clarified butter for the first 10 days, and no crea- 
tine appeared. The diet was then changed to a mixed one, free 
from creatine and creatinine, and creatine appeared and disap- 
peared at irregular intervals during the remainder of the experi- 
ment. Another subject was then put upon a potato diet (VIII) 
after having been for 10 days under observation on a mixed but 
creafine- and creatinine-free ration. This subject was able to 
také the potato diet only a week, but in the 6 days reported, crea- 
tine was excreted half the time. It hardly seems likely that the 
potato diet had any specific influence, though this point needs 
further study. 

There is no correlation between diets high in protein and the 
creatine output in these cases. Subjects V and VI were for 
other purposes on a diet containing from 20 to 25 gm. of nitrogen 
per day, the protein furnishing fully 25 per cent of the total fuel 
value of the ration and derived very largely from skim milk pow- 
der. Yet V excreted creatine less often than any other subject, 
while VI exhibited an irregular but quantitatively low creatine 
elimination. Again, Subjects I and VII were on diets very low 
in protein, and I showed a constant creatinuria while VII elimi- 
nated almost no creatine when the protein content of the diet was 
the lowest. 

These experiments do not throw any light on the ultimate cause 





ee 





Creatinuria 


of the creatinuria, but they seem to the writer to uphold the view 
of Krause? in regard to the explanation of the difficulty with which 
children destroy administered creatine, and of Benedict and Oster- 
berg? from their observations of the way in which phlorhizinized 
dogs react to this substance, that creatine is constantly being 
formed in relatively large amounts and is normally for the most 
part either utilized or destroyed; that the adult man can me- 
tabolize considerable amounts, while the child’s powers are much 
weaker, so that creatine in the latter represents a balance between 
formation and destruction; and that women occupy a position 
intermediate between men and children, being able to metabolize 
most if not all of the creatine which they may produce, the 
amount fluctuating with perhaps a variety of conditions. 


CONCLUSIONS. 


The creatine output of women is very irregular, and no defi- 
nite relationship between creatine and creatinine has _ been 
demonstrated. 

There is no clearly defined connection between the creatine 
output and the sexual cycle. Creatine tends to disappear at the 
onset of. menstruation and to reappear shortly afterwards, but it 
may do the same at other times also. 

Creatine is excreted on diets liberal in carbohydrate and 
causing no acidosis; it is not definitely influenced by the amount 
of protein in the diet. 


® Benedict, 8S. R., and Osterberg, E., J. Biol. Chem., 1914, xviii, 195. 











METABOLISM OF FATS. 


I. UTILIZATION OF PALMITIC ACID, GLYCERYL PALMITATE, AND 
ETHYL PALMITATE BY THE DOG. 


By J. F. LYMAN. 


(From the Laboratory of Agricultural Chemistry, Ohio State University, 
Columbus, and the Sheffield Laboratory of Physiological 
Chemistry, Yale University, New Haven.) 


(Received for publication, July 16, 1917.) 


It was found by Frank! that ethyl palmitate fed to dogs ap- 
pears in the thoracic lymph as the glyceryl ester. The most 
probable source of the glycerol required for this transformation is 
carbohydrate. To test this hypothesis Professor Lafayette B. 
Mendel suggested to me that Frank’s experiments be repeated 
using dogs made completely diabetic by phlorhizin, on the theory 
that such animals might have lost, wholly or partly, the capacity 
to convert carbohydrate into glycerol because of a perverted 
sugar metabolism. When the attempt was made, even with nor- 
mal animals, the amount of fat recovered from the chyle was so 
small that the whole plan appeared futile and suggested that 
ethyl palmitate was very slowly and perhaps poorly absorbed. 
Accordingly it was decided to compare the utilization of ethyl 
palmitate with that of the glyceryl ester and of the free acid. 

Experiments to determine the utilization of relatively pure free 
fatty acids and their esters are not numerous in the literature. 
It seems desirable that further information be obtained as a 
basis for a better understanding of fat metabolism. 

The following data on this subject have been published. 


1 Frank, O., Z. Biol., 1898, xxxvi, 568. 
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TABLE I. 


Utilization of Various Fatty Acids and Esters by Dogs. 





Material Utilization. Experimenter. 
| 


per cent 
Stearic acid...... 35-53 | Levites.? 
Palmitic acid..... 67-78 
Oleic ., a | 91-98 
Na stearate........ 87 
“ palmitate... cae 90 
* oleate 100 
Tristearin é  iitids crete 9-14 Arnschink.* 
Ethyl palmitate..... Pere reim. 75 Frank.! 
“stearate Ase 12 “, 
Cetyl palmitate.... Aixoet 51-69 Munk.‘ 
Amy! oleate....... ....| Nearly complete 


Palmitie acid was prepared from bayberry tallow.’ Palmitie 
acid and ethyl alcohol were esterified by passing dry HCl gas 
into the warm mixture. The product melted at about 24° and 
contained less than 0.1 per cent free palmitic acid. It had a 
Koettstorfer number of 198, theoretical for ethyl palmitate 
= 197.6, and absorbed 0.2 per cent of iodine by the Wijs pro- 
cedure. Glyceryl palmitate was prepared by heating 36 gm. of 
glycerol and 100 gm. of palmitic acid at 160—-180° for 16 hours 
with constant stirring, cooling, and repeated washing with hot 
water. The product contained 8.3 per cent free palmitic acid, 91 
per cent total palmitic acid, free and combined, and melted at 
about 60°. 

The dogs were fed daily a basal ration of 200 gm. of lean meat 
from which the visible fat had been removed, 50 gm. of cracker 
crumbs, and 10 gm. of agar. To this basal ration 40 gm. of the 
fat under investigation were added (in the case of glyceryl pal- 
mitate 34 gm.) and the whole was thoroughly mixed with 350 
ec. of boiling water. In this manner even the hard fats were 
melted and well incorporated. The experimental periods were 
of 4 days’ duration and were separated by a 4 day (in some cases 

2 Levites, S., Z. physiol. Chem., 1900, iii, 349. 

8 Arnschink, L., Z. Biol., 1890, xxvi, 434. 


4 Munk, I., Arch. Anat. u. Physiol., 1890, 581. 
5 Chittenden, R. H., and Smith, H. E., Am. Chem. J., 1884-85, vi, 217. 
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a 3 day) rest period during which 40 gm. of lard were added to 
the basal ration. The feces were marked off with finely ground 
cork, collected daily, and kept at a low temperature until the last 
feces from the diet period were obtained. The feces were then 
weighed, mixed by passing through a hashing machine three 
times, and the fatty acids contained in them at once determined 
by the Gephart and Csonka® method. The stools were well 
formed in all cases except during the ethyl palmitate period, when 
they were somewhat soft. In calculating the utilization values 
allowance was made for the fatty acids eliminated in the feces 
when the diet consisted of the basal ration plus an amount of 
‘arbohydrate isodynamic with 40 gm. of fat. 


Dog I, Male, Weight 11.8 Kg. 


| | | 


2 
4 
s 
> 
op 
P| 
days 





acids in 


feces, average. 


Fat fed. 


of feces per 
feces per day. | 


per day. 
day. 


| Fatty acids fed 
| Average weight 
| Fatty acids in 


Corrected. | 


| Fatty 


| 
| 
| 
| 
| 


| 


gm. |per cent) gm. | gm, jper cent| per cent 
4] Lard. | 49 | 3.75) 1.83) 36.17| 95.2 | 96.6 
4 Ethyl palmitate. | 116 | 13.41|-15.56| 20.44) 57.4 | 58 
Lard. 38 | 58 | 2.15) 1.25) 36.75) 96.7 | 98 

| Glyceryl palmitate. |: 41.5} 5.12) 2.13, 28.87] 93.1 | 94 
Lard. 38 54. | 4.52) 2.66) 35.34) 93.0 | 94 

4 | Palmitie acid. 61.5) 12.24| .53} 32.47) 81.2 |. 82 
3 | Lard. 38 68.0) 2.3 | 36.53) 96.1 | 97 


o > 


** 
si 


! 
| 
| 
| 
| 


oC ey De 


| } | 
4| Fat-free diet (?) 62.5) 0.87! 


Dog II, Male, Weight 12.8 Kg. 





46.8, 4.67) 2.18) 3: 

Ethyl palmitate. | 36.5 | 125.4) 14.8 | 18.66) 17.! 

Lard. | | 48.5! 2.27) 1.35] 36.65] 96 - 
Glyceryl palmitate. | 39 5 15| 28.85) 93. 
Lard. | 38 | 46 | 5.69) : ee 35.27) 92.5 
Palmitie acid. 70.6) 11 2} 8.35) 31.65) 79 

Lard. | 38 | 54.5) 3 03) 35.97| 94 

Fat-free diet (?) ze 


| 74) 





° Gephart, F. C., and Csonka, F. A., J. Biol. Chem., 1914, xix, 5: 
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The average of all the trials shows a utilization for lard of 96.6 
per cent, a value which agrees closely with the results of Lang- 
worthy and Holmes’ and of Smith, Miller, and Hawk® who 
found respectively 97 and 96.8 per cent utilization for pork fat. 
This is good evidence that our animals were normal as regards 
the utilization of fats and that the method of study employed 
was satisfactory. Ethyl palmitate, although liquid at body 
temperature, was utilized to the extent of only 50.9 and 58.8 
per cent in the two trials, a value considerably lower than that 
obtained by Frank.! The feces from Dog I during this period 
contained 15 per cent ether extract, consisting of 20.6 per cent 
free fatty acids calculated as palmitic acid, and 79.4 per cent 
neutral fat, which was identified by its melting point as ethyl 
palmitate. Fatty acids combined as soaps were present in the 
feces to the extent of 0.9 per cent. These facts indicate that 
absorption of unhydrolyzed ethyl palmitate does not readily 
occur. Further, the fact that normal feces contain 75 to 90 
per cent of the eliminated fatty acids free or combined as soaps® 
while ethyl palmitate is recovered in the feces largely unchanged 
indicates that hydrolysis of the ethyl ester in the body is slow. 
Our experiment supports the contention of Terroine!® that ab- 
sorption of fats is limited by the rate of hydrolysis and not vice 
versa. Further, our experiments by the lymph fistula method 
support the view held by Bloor" that emulsified neutral fats 
cannot be absorbed as such. 

It seems worthy of note that ethyl stearate is very poorly 
absorbed as compared with ethyl palmitate—10 and 50 per cent 
respectively. Somewhat the same relationship holds between the 
utilization of the glyceryl esters of these two acids, viz., 12 and 
95 per cent. Considerable emphasis has been put on the melt- 
ing point of fats as a determining factor for digestibility. It 
appears to the author that the case is not so simple as this, for 
while the corresponding esters of palmitic and stearic acids do 


7 Langworthy, C. F., and Holmes, A. D., U. S. Dept. Agric., Office of 
Home Economics, Bull. 316, 1915. 

8 Smith, C. A., Miller, R. J., and Hawk, P. B., J. Biol. Chem., 1915, 
xxiii, 505. 

® Munk, Arch. Path. Anat. u. Physiol., 1884, xev, 454. 

10 Terroine, E. F., J. de Physiol., 1911, 695. 

11 Bloor, W. R., J. Biol. Chem., 1913, xv, 105. 
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not differ markedly as to melting points, the ethy! esters of both 
being liquids and the glyceryl esters being solids at body tem- 
perature, still there is a wide difference as to digestibility. We 
suggest that the nature of the fatty acid radicle of an ester has 
an effect on digestibility aside from its effect on the melting 
point of the compound. Experiments are in progress to deter- 
mine this point. 

The objection may be raised to our conclusion that hydrolysis 
is a prerequisite to absorption of fats, viz., that if such is true 
then palmitic acid should be better utilized than glyceryl palmi- 
tate, when as a matter of fact the opposite is found to be true. 
It seems to us that there is a simple explanation which brings 
the hypothesis into harmony with the facts. Fatty acids when 
fed in large amounts are irritating to the digestive tract, causing 
the food mass to be discharged slower from the stomach,” prob- 
ably increasing peristalsis, and certainly increasing the volume of 
feces. In other words, feeding large amounts of free fatty acids 
disturbs the mechanics of digestion. 


SUMMARY. 


With two dogs the following utilization values were obtained: 
lard, 96.7 and 96.5 per cent, ethyl palmitate 58.8 and 50.9 per 
cent, glyceryl palmitate 94.8 and 95.4, palmitic acid 82.5 and 
81.0. 

Emulsified esters of fatty acids are not absorbed as such, but 
absorption is limited by the rate of hydrolysis. 

It is suggested that the melting point of the ester is not the 
only factor, probably not the chief factor, determining the rate of 
hydrolysis and absorption. 


122 Frank, Arch. Physiol., 1894, 297. 
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Il. THE EFFECT OF FEEDING FREE PALMITIC ACID, GLYCERYL 
PALMITATE, AND ETHYL PALMITATE ON THE DEPOT 
FAT IN THE WHITE RAT. 


By J. F. LYMAN. 


(From the Laboratory of Agricultural Chemistry, Ohio State University, 
Columbus, and the Sheffield Laboratory of Physiological 
Chemistry, Yale University, New Haven.) 


(Received for publication, July 16, 1917.) 


That depot fat in the animal is influenced in texture and iodine 
absorption number by the character of the food fat has been 
amply demonstrated by the experiments of Hofmann,! Munk,’ 
Lummert,’ Rosenfeld,* and others. Cell fat; on the contrary, is 
constant in character and is not affected by the diet.6 From 
Bloor’s® work it appears that the character of fats is modified 
during their absorption, so that hard fats become softer and 
soft fats harder; 7.e., there is a tendency toward constancy in the 
character of the fat stores of the animal. Free fatty acids of the 
food are recovered in the chyle almost entirely as neutral fat.’ 
Monoglycerides during absorption are changed to triglycerides.® 
After feeding cetyl palmitate,’ amyl oleate,!° or ethyl palmi- 
tate,"' the corresponding triglycerides only can be found in the 
thoracic lymph. There appears, then, to be a tendency for 

1 Hofmann, F., Z. Biol., 1872, viii, 153. 

* Munk, I., Arch. Anat. u. Physiol., 1884, xev, 407. 

3 Lummert, W., Arch. ges. Physiol., 1898, Ixxi, 176. 

4 Rosenfeld, G., Verhandl. Kong. inn. Med., 1898, xvii, 503. 

5 Abderhalden, E., and Brahm, C., Z. physiol. Chem., 1910, Ixv, 330. 

® Bloor, W. R., J. Biol. Chem., 1914, xvi, 517. 

7Walther, P., Arch. Anat. u. Physiol., 1890, 329. 

8 Argyris, A., and Frank, O., Z. Biol., 1912, lix, 143. 

9 Munk, I., and Rosenstein, A., Arch. path. Anat. u. Physiol., 1891, 
CXxxili, 230. 

10 Munk, Arch. Physiol., 1890, 581. 

1! Frank, O., Z. Biol., 1898, xxxvi, 568. 
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triglycerides during absorption to pass over into the chyle and 
fat depots unchanged or with slight modification in melting point 
and degree of saturation, while all other esters and free fatty 
acids are converted into the corresponding triglycerides during 
the process of absorption. 

The proof that esters of the fatty acids other than triglycerides 
are unabsorbed as such is not complete, however; for in all the 
experiments only a small part of the ester fed has been recov- 
ered in the thoracic lymph, while‘the effect on depot fat has not 
been studied. There remains then the possibility of the absorp- 
tion of unchanged ester, e.g., ethyl palmitate, by way of the 
portal vein.” In order to get a somewhat broader view of fat 
metabolism it was planned to study the character of the fat de- 
posited in the fat depots of animals as a result of feeding free pal- 
mitic acid, glyceryl palmitate, and ethyl palmitate. It was 
planned further to determine the effect of phlorhizin poisoning 
in each case; but the amounts of fat stored by the phlorhizinized 
animals were so small that we regard that part of the experiment 
of too slight value for discussion here. It is hoped to attack 
the problem of glycerol synthesis in the animal body in some 
more satisfactory way. 

Adult white rats were used as experimental animals. The food 
consisted of a basal ration of commercial dog biscuit (which had 
been finely ground and extracted with ether), casein, and dried 
yeast. To this the fat under investigation was added to make 
an equivalent of 30 per cent palmitic acid; eg., the palmitic 
acid diet contained 30 per cent palmitic acid, 40 per cent dog 
biscuit, 28 per cent casein, and 2 per cent yeast. The ethyl 
palmitate diet contained 33.3 per cent ethyl palmitate, 36.6 
per cent dog biscuit, 28 per cent casein, and 2 per cent yeast. 
The control diet was made up as follows: 70 per cent dog biscuit, 
28 per cent casein, and 2 per cent yeast. This mixture was 
moistened with 1 per cent solution of Liebig’s meat extract and 
baked into a cake which could be eaten without scattering. The 
fat-containing diets were made into cakes by heating the mix- 
tures above the melting point of the fat involved, and cooling. 
Palmitic acid and its esters were prepared according to the 


12 Hamburger, H. J., Arch. Physiol., 1900, 554. 
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methods described in the preceding paper. Two animals were 
fed on each diet. They were fasted until 25 per cent loss in 
body weight had occurred; then the feeding period began, and 
continued as long as the gain in weight was satisfactory, usually 
about 2 weeks. The depot fat was dissected from the carcass 
and, together with the hide, was extracted with a mixture of three 
parts 95 per cent alcohol and one part ether until practically all 
the fat had been removed. The intestine, bones, and muscular 
and glandular tissues were discarded entirely. The alcohol- 
ether solution was evaporated to dryness under reduced. pressure 
inan atmosphere of carbon dioxide. The residue was taken up 
in dry pure ether, filtered, and the ether removed by evapora- 
tion. The fat from the two animals on the same diet was com- 
bined. Iodine absorption number: was determined by Wijs’ 
method; glycerol by the acetin process.“ 

The fatty acids were prepared by saponifying the fats with 
alcoholic sodium hydroxide, extracting the soap solution with 
ether to remove unsaponifiable matter, liberating the fatty acids 
with phosphoric acid, shaking out with ether, and drying in a 
vacuum desiccator. 

The table shows the results. 
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'S Lewkowitsch, J., The Chemical Technology of Oils, Fats, and Waxes, 
London, 5th edition, 1915, i. 
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The fat deposited in the fat depots after feeding free palmitic 
acid, glyceryl palmitate, or ethyl palmitate appears to consist 
largely of tripalmitin in all cases, although unsaturated fatty 
acids are present as shown by the iodine absorption values. The 
Koettstorfer number of pure tripalmitin is 208.8; that of the fat 
deposited in these experiments ranges from 203 to 207. Tri- 
palmitin yields 11.42 per cent of glycerol; while that obtained in 
these experiments amounted to 10.6 to 11.8 per cent of the fat. 
The molecular weight of tripalmitin is 256; while the mean 
molecular weight of the fatty acids here obtained was 250 to 258. 
There is no indication that appreciable amounts of ethyl palmi- 
tate are deposited in the fat depots after feeding the ethyl ester; 
nor is the free fatty acid content of the depot fat considerably 
raised by feeding free palmitic acid. On a fat-poor diet the 
depot fat differs markedly from that laid down as a result of 
feeding palmitic acid or its esters. This fat, which must have 
been derived chiefly from carbohydrates and proteins, contained 
more of the unsaturated fatty acids of molecular weight higher 
than palmitic acid. 


SUMMARY. 


After feeding free palmitic acid, glyceryl palmitate, or ethyl 
palmitate to white rats, essentially the same kind of fat is stored 
in the fat depots, and it consists largely of tripalmitin. 

Neither free palmitic acid nor ethyl palmitate in appreciable 
amounts is deposited unchanged in the fat depots. 

The fat deposited as a result of feeding a fat-poor diet differs 
markedly from that laid down when the diets contain palmitic 
acid or its esters. 


The author wishes to express his gratitude to Professor Lafay- 
ette B. Mende! for laboratory space and equipment, and for the 
aid and advice extended during the experimental work recorded 
in this and the preceding paper. 

















THE DETERMINATION OF FECAL INDOLE. 
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College, Philadelphia, and the University of Illinois, Urbana.) 


(Received for publication, August 22, 1917.) 


Of the large number of color reactions for indole which have 
been discovered only the 8-naphthaquinone sodium monosulfo- 
nate reaction of Herter and Foster’ has so far given much promise 
as a basis for the accurate determination of indole in feces. The 
reaction is one of the most delicate known for indole (a matter of 
great importance in view of the minute amounts of indole present 
in the feces under many circumstances), appears to be of high 
specificity (not reacting with skatole which almost constantly 
accompanies indole in the feces and from which it is otherwise 
very difficult to separate it), and is found to develop quantita- 
tively without subjection to arbitrary conditions not readily 
complied with. Hence the belief expressed by Herter and Foster 
that their method would prove more accurate than any in use for 
the determination of indole and that it would prove of service in 
fecal analysis appears justified. 

It therefore seems somewhat unfortunate that this method as 
applied to feces was not developed in detail and supported by 
experimental data. As far as we are aware only Gorter and de 
Graaff? have attempted to use this method. They claim it to be 
trustworthy and found that the reaction was more delicate than 
claimed by the original investigators. They do not, however, 
supply the deficiencies noted. We have had occasion to carry 
out a large number of determinations of fecal indole and to de- 
velop this method in detail and with certain modifications. The 


1 Herter, C. A., J. Exp. Med., 1905, vii,79. Herter, C. A., and Foster, 
M. L., J. Biol. Chem., 1905-06, i, 257; 1906-07, ii, 267. 

* Gorter, E., and de Graaff, W. C., Compt. rend. Soc. biol., 1908, Ixiv, 
402. Gorter, E., Arch. méd. enf., 1908, xi, 593. 
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procedure we have found most satisfactory is given below with 
some observations upon its accuracy and limitations. 


Method. 


The feces are distilled from alkaline solution to remove phenols. 
This distillate is again distilled from acid solution to remove 
ammonia (or the ammonia removed with exchange silicate). 
The final distillate is treated with $-naphthaquinone sodium 
monosulfonate and alkali, and the blue indole compound formed 
extracted with chloroform and determined colorimetrically. 


EXPERIMENTAL. 


Rub 30 to 50 gm. of the fresh, well mixed feces in a mortar 
with water to a uniform consistency. Transfer to a wide-mouthed 
Kjeldahl flask of about 1,000 cc. capacity, rinsing the mortar and 
the neck of the flask with distilled water to make about 400 ce. 
Add 5 cc. of 10 per cent KOH solution and about 2 ce. of paraf- 
fin to decrease foaming. Distill with steam, using the ordinary 
Kjeldahl distillation apparatus with a good stream of water in the 
condenser. Heat carefully for a few minutes until danger of 
foaming is past and then allow to boil vigorously. Distill over 
500 ce. of liquid, bringing the volume of the fecal suspension 
down to about 100 cc. toward the end of the distillation. Then 
proceed according either to a or b, as follows. 

a. Transfer the distillate to a clean Kjeldahl flask, and add 2 
drops of phenolphthalein as an indicator. Make neutral with n 
sulfuric acid and add 1 ee. excess. Distill with steam as before, 
collecting the first 500 ec. of distillate and bringing the residue 
finally to about 100 ce. Mix the distillate well by shaking. 

b. Transfer 100 ec. of the first distillate to a 300 ce. Erlen- 
meyer flask. Add 20 gm. of ‘‘Permutit’’ exchange silicate ac- 
cording to Folin and Bell.* Rotate moderately for 5 minutes. 
Pour off, washing the residue with a little water. 

Into a 150 ec. conical separatory funnel introduce an aliquot 
(100 cc.) of distillate from a or the supernatant fluid from ). 
Add 1 ce. of a 2 per cent solution of 8-naphthaquinone sodium 


3 Folin, O., and Bell, R. D., J. Biol. Chem., 1917, xxix, 329. 
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monosulfonate solution and then 2 cc. of 10 per cent KOH. 
Shake and let stand for 15 minutes. Extract with chloroform, 
shaking vigorously, using a 10 ce. and a 7 cc. portion, which will 
bring the total volume of the extract nearly to the mark of a 
15 ec. graduated cylinder. Make exactly to mark and mix well. 

Run at the same time and in the same way a standard using 
1 cc. of a solution of indole, 0.1 mg. indole per cc. Compare the 
extract with this standard in a colorimeter, using the standard 
ordinarily at the 30 mm. mark. Calculate the indole to the 
basis of mg. of indole per gm. of moist feces. 


DISCUSSION. 


Indole is carried over quantitatively under the conditions of 
distillation. In eight determinations in which as much as 40 
gm. of feces of high solid content were used, extra 100 cc. por- 
tions of distillate from both the acid and alkaline distillations 
were taken in separate flasks and tested for indole by the usual 
method. These tests showed that if, in distilling, the fecal sus- 
pension is brought down to about 100 cc. toward the end of the 
process only the very slightest tests for indole were obtained in 
any case, while in the acid distillation it was not necessary to 
boil as low as this. Where, however, the volume of the mixture 
was maintained at over 200 cc. throughout, appreciable amounts 
of indole were found in the second distillates. With still larger 
amounts of feces it may be necessary to carry distillation further. 
In case of doubt it is easy to collect extra 100 cc. portions of dis- 
tillate separately. These can be tested and indole determined 
directly without acid distillation as all ammonia will previously 
have been carried off. 

The amount of alkali used in distillation is sufficient to hold 
back phenols without causing excessive frothing. In the acid 
distillation the phenolphthalein and sulfuric acid are not volatile 
with steam while the small excess of acid used decreases the 
difficulty of carrying over indole and lessens the danger of loss 
through decomposition. 

In running a number of determinations at one time it is desir- 
able to have a common source of steam with regulatory valves 
at each flask. Such an apparatus may be readily improvised 
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from a large round-bottomed flask or boiler, some Y-tubes, and 
Hoffman clamps. Regulation of the distillations does not offer 
much difficulty. 

In the development of the reaction the use of lesser amounts of 
alkali and especially of the naphthaquinone compound caused 
undue delay especially where fecal distillates ere employed. 
This appears to outweigh the objection of Herter and Foster 
that the pale yellow color of the naphthaquinone modifies the 
pink color of the chloroform solution. This latter interferes very 
little where as much as 0.1 mg. of indole is present. With much 
smaller amounts it must be considered. As in most colorimetric 
work it is, however, desirable to have about the same amounts 
of indole in unknown and standard. 

We have tested the use of amy] alcohol as a substitute for chloro- 
form in part or wholly, and “nd that while comparable results 
are obtained as well as a color (wine-pink) more distinct from that 
of the naphthaquinone itself than in the case of chloroform, there 
is a tendency for a slight opacity to develop when used for fecal 
distillates which renders the use of amyl alcohol less desirable for 
ordinary purposes of fecal analysis. 

Standard indole solutions are preferably made up fresh although 
they may be kept for some days in the ice box without noticeable 
change. They should be discarded if a yellow tinge develops. 
The naphthaquinone solution should be made up every few days 
and kept in the ice box. When a residue forms in the flask the 
solution should be discarded. If fecal distillates are not to be 
used at once they should be placed in the ice box, particularly in 
hot weather. 

The 15 minute period allowed for the indole naphthaquinone 
reaction is sufficient and a much longer time is not desirable as the 
color weakens. 

Indole determinations on feces should be made with the fresh 
material. In some instances, at least, an appreciable amount of 
indole is lost on even 1 day’s standing in the ice box. It is pos- 
sible that this loss might be prevented in some way but this 
problem has been insufficiently studied. 

It is of course desirable to avoid the necessity for double dis- 
tillation. This may be accomplished as indicated above by the 
use of exchange silicate as suggested by Folin and Bell for the 
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Pay 
No. Sample No. Sp 1s Pe , 
ese |eGe8 
aaa < al 
gm. mg. 
1 I 40 |0.0259 
2 40 (0.0262 
3 0.02 mg. of indole per gm. added. 40 (0.0459 
4 0.02 “ “e ““ “oe “ce “ 40 0.0456 
5 II 40 |0.0175 
6 40 |0.0180 
7 III 40 {0.0138 
8 30 |0.0140 
9 IV 28 {0.0151 
10 30 (0.0152 
11 V 40 |0.0135 
12 40 (0.0139 
13 VI 30 (0.0240 
14 30 (0.0242 
15 VII 40 (0.0351 
16 40 (0.0357 
17 | VIII 40 |0.0341 
18 36 hours in ice box. 40 |0.0278 
19 IX 40 |0.0195 
20 7 days in ice box. 40 |0.0010 
21 xX 40 (0.0151 
22 9 days in ice box. 40 (0.0119 
23 XI 40 (0.0110 
24 Reagent 1 week on shelf. 40 |0.0092 
25 Standard solution 1 week on shelf (0.1 mg.). 0.083 
26 Standard and reagent 1 week on shelf. 0.070 
27 Indole 0.5 mg.; ammonia 20 mg. 
Modification b. 0.502 
28 Same as No. 27 but no ammonia. 0.500 
29 “« « « 27 “ with distillation. 0.507 
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determination of urinary ammonia. The ammonia is removed 
and the indole remains behind in solution. We have not used this 
modification as extensively as the other but in a number of cases 
identical results were obtained. Inasmuch as the feces may pos- 
sibly, in certain cases, contain interfering substances other than 
ammonia passing over in alkaline distillation both procedures are 
given. 

The table shows the agreement of duplicate determinations as 
‘arried out by this method and the quantitative recovery of 
added indole. Determinations 11 to 16 represent the first esti- 
mations of a second observer. Determinations 17 to 22 illustrate 
the effect of standing on the indole content of feces, showing the 
losses to be pronounced but variable. Numbers 23 to 26 show 
deterioration of reagents on standing at room temperature. 
Numbers 27 to 29 indicate that the exchange silicate removes all 
interfering ammonia but removes no indole. 

We consider the modification of the Herter-Foster procedure as 
described in this paper to be a more accurate method for the 
determination of fecal indole than any hitherto proposed. 


The author is indebted to Dr. H. R. Fishback for assistance in 
carrying out this work. 




















SOME ASPECTS OF THE TEMPERATURE COEFFICIENTS 
OF LIFE PROCESSES. 


By W. J. V. OSTERHOUT. 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 


(Received for publication, August 21, 1917.) 


The temperature coefficients of life processes have within the 
last few years attracted a good deal of attention.' Interest has 
chiefly centered about the question whether life processes have 
the temperature coefficients of ordinary chemical reactions and 
whether investigations of this sort enable us to distinguish between 
chemical and physical processes (on the ground that in general the 
latter possess lower temperature coefficients than the former). 

In these discussions it is universally assumed that we are 
dealing with simple chemical reactions. A little consideration 
shows that this cannot always (or even commonly) be the case. 
Most substances formed in the organism are also broken down 
and the amount present must depend on the relative rates of 
formation and of decomposition. Change of temperature may 
affect consecutive reactions in an entirely different manner from 
simple reactions (in which the substance formed is not at once 
broken down). This may be made clear by a concrete illustration. 

Let us suppose that we are measuring the rate at which a 
substance M decreases as the result of the consecutive reactions 
A-—M-—B. Assuming that we have to start with a con- 
centration of A = 8.853 and M = 0.2951 and that the velocity 
constant A — B is K, = 0.018 and that of B—> C is Ky = 0.540, 
we can calculate the amount of M, as explained in a previous 
paper, by the formula.’ 


r 





) (e— Ki? _ 9 Ki) 


. K 
M = 0.2951 (e~ *:7) + 8.853 ( 
ne ero 





1 Kanitz, A., Temperatur und Lebensvorgiinge, Berlin, 1915. 
2 Osterhout, W. J. V., Proc. Am. Phil. Soc., 1916, lv, 533. 
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in which 7 is time and e the basis of natural logarithms. The 
values obtained’ are given in Table I (Curve I). 

Let us now consider the effect of raising the temperature 
10°C. If both reactions have the temperature coefficient 2, K,; 
becomes 0.036 and Ke becomes 1.080. The values of M under 
these conditions are given in Table I (Curve II). Inspection of 
the tables, and of the curves in Fig. 1, shows that at the higher 
temperature it requires just half as long to produce the same 
amount of chemical action as at the lower. Hence the consec- 
utive reaction appears to behave in this instance like a simple 
reaction. 

TABLE I. 


Value of M. 
Curve I. | Curve IT. } Curve ITT. ' Curve IV. 
K, = 0.018 Ki = 0.036 } Ki = 0.0216 K,; = 0.036 
Kz = 0.540 K2 = 1.080 Kz = 1.080 Ko = 0.648 











min, 
10 87.76 96 64.39 120.70 
20 74.96 05. 32 De 87.31 
30 64.26 62 31 63.94 
40 55.32 ) 38.45 47.63 


50 47.86 25.3: 36. 26 
60 41.62 mf 28 . 4 28 . 32 
90 28.43 13.6: 9.6: 16.22 

















The result will be quite different if the two reactions have dif- 
ferent temperature coefficients. Let us suppose that the speed 
of the reaction A — M is determined by diffusion (as happens 
in some heterogeneous reactions) and has in consequence a low 
temperature coefficient which we will assume to be 1.2. Assum- 
ing that the reaction M— B has a temperature coefficient 2 
we find that on raising the temperature 10°C. K, becomes 
0.0216 and K. becomes 1.080. The values of MM under these 
conditions are given in Table I (Curve III). 

Comparison of the values and the curves (Fig. 1) shows that 
the times required for equal amounts of chemical action have no 
constant relation in Curves I and III. At one point on Curve 
III less than half as much time is required for a given amount 


3 For convenience in previous calculations the results were multiplied 
by 305 and 10 was added. This makes the value of M at the start equal 100. 
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20 60 Minutes 

Fic. 1. Curves showing the rate of disappearance of a substance when 
the reactions by which it is formed and decomposed have the velocity con- 


stants given below. 





Curve. Rate of formation = K;. Rate of decomposition = Ke. 
I 0.018 0.540 
II 0.036 1.080 
III 0.0216 1.080 
IV 0.036 0.648 














Curves II, III, and IV are derived from Curve I by assuming that the 
temperature is raised 10°C.; if the two reactions have the temperature 
coefficient 2 we obtain Curve II; if the coefficients are 1.2 and 2 respec- 
tively we obtain Curve III; if the coefficients are 2 and 1.2 respectively 
we obtain Curve IV. 











26 Temperature Coefficients 


of chemical action as on Curve I; at another point one-half as 
much is required and at another point approximately three- 
fourths. It is also noticeable that the form of Curve III is quite 
different from that of Curve II, as shown by the fact that the 
curves cross. 

Let us now consider the effect when the temperature coefficient 
of the first reaction is 2 and that of the second is 1.2. On rais- 
ing the temperature 10°C. A, becomes 0.036 and Ky becomes 
0.648. The values of M are given in Table I (Curve IV). The 
form of the curve is quite different from that of the others in 
that there is first a rise followed by a fall. In experimental 
work the short period of rise might be overlooked or regarded as 
due to experimental error or some disturbing (‘‘inhibiting’’) 
factor, such as is commonly assumed to account for delay at the 
beginning of a reaction. 

If the observer supposed that he had to do with a simple reac- 
tion of the type M— B and proceeded to calculate the velocity 
constant he would obtain the values given in Table II.‘ 


TABLE II. 


Apparent Velocity Constants Obtained on the Supposition That the Process 
Is a Simple Reaction. 





Apparent velocity constant. 


Curve III. | Curve IV. 

















Time. Curve I. Curve IT. 
K,; = 0.018 K, = 0.036 | K, = 0.0216 | K, = 0.036 
K: = 0.540 Ke = 1.080 Kz = 1.080 Kz = 0.648 
min. 
10 0.0064 =| 0.013 | 0.022 | 
20 0.0071 | 0.014 0.016 0.0033 
30 0.0073 | 0.015 | 0.014 | 0.0074 
40 0.0075 | oom | 0.018 | 0.0095 
50 0.0075 | 0.015 | 0.012 | 0.011 
60 0.0076 | 0.015 | 0.012 | 0.012 
90 0.0077 0.015 0.011 0.013 





4 The calculations were made by the use of the formula 
1 
K = — log ( 
7 - 
employing common logarithms. We put A = (100 — 10) = 90 and a — 
xz =M —10. The subtraction of 10 is necessary because 10 was pre- 
viously added. (See foot-note 3.) 


a 





a~-z 
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A consideration of these values is very instructive. It is 
evident that when the relation K, + K, has a certain value (as 
in Curves I and II where K, + K, = 30) the reaction appears to 
proceed as a monomolecular reaction which is somewhat “in- 
hibited” at the start,> while with other values it may appear to 
be greatly inhibited at the start (Curve IV, A. + AK, = 18) or 
to go much faster in the beginning than is expected (Curve III, 
Ke + K, = 50). 

These facts deserve consideration in interpreting the tem- 
perature coefficients of consecutive reactions, to which category 
many life processes undoubtedly belong. 


SUMMARY. 


Where substances are formed and at once broken down, as 
happens in many hfe processes, interesting conditions may arise 
if the reaction which forms the substance has a different tem- 
perature coefficient from that which destroys it. 


5 Mellor, J. W., Chemical Statics and Dynamics, London, 1909, 113. 
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INTRODUCTION. 






The time has now arrived when the third period of our studies 
of nutrition may be appropriately introduced. The first phase 
of the work dealt with an extensive inquiry into the cause of 
nutritive failure in animals restricted to diets of purified pro- 
teins, carbohydrates, fats, and inorganic salts. After careful 
consideration of the suggestive work of Hopkins,! Stepp,? and 
Funk,’ we arrived at the conclusion that there were lacking in 
such mixtures two substances or groups of substances, the chemi- 
‘al natures of which are still unknown, which the diet of an ani- 
mal must contain if its life is to be maintained. One of these 
(fat-soluble A) is soluble in fats and is found in most concentrated 
form in butter fat and egg yolk fats. Its distribution in other 
foods is mentioned below. The second substance is never asso- 
ciated with fats in foods, but is everywhere present in natural 
foods in relative abundance. It is readily supplied in experi- 
mental rations by the addition of alcoholic extracts of natural 
foods, but it is also soluble in water. This we call water- 
soluble B. 



















* Published with the permission of the Director of the Wisconsin Ex- 
periment Station. 

1 Hopkins, F. G., J. Physiol., 1912, xliv, 425. 

2 Stepp, W., Biochem. Z., 1909, xxii, 452; Z. Biol., 1912, lvii, 135; 1913, 
lix, 366. 

3’ Funk, C., and Cooper, E. A., Lancet, 1911, ii, 1266. 
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Phosphorized proteins have been shown to have no superior 
value over others which contain no phosphorus, and a long list of 
substances including complex lipoids, pigments, sulfatides of the 
nervous tissues, components of the several prosthetic groups 
with which body proteins are combined are now all known to be 
produced within the tissues and do not need to be supplied in 
the food. The synthetic capacity of the animal cell is thus 
shown to be immeasurably greater than was formerly supposed, 
but all the evidence still supports the view that nearly all of 
the amino-acids formed on digestion of proteins are indispens- 
able components of the diet. Furthermore, the animal tissues 
are very dependent upon certain of the finer stereochemical 
structures in both the amino-acid and in the carbohydrate groups 
which serve them as food complexes. 

By finding just how far the diet can be simplified and still be 
biologically complete we have made it clear that, assuming as 
we do provisionally that the fat-soluble A and water-soluble B 
are individual substances rather than complex mixtures of a 
number of physiologically indispensable compounds, the adequate 
diet for an animal is in reality sufficiently simple to be compre- 
hended and visualized with regard to all its parts." 

Our second undertaking was to examine one by one several 
typical representatives of the classes of natural food substances 
as the seeds, leaves, fruits, and tubers of plants. We have 
shown for a sufficient number of these the exact nature of the 
additions of simple and unidentified factors A and B which must 
be made in order to render one of these single food substances 
complete from the nutritive standpoint. Some of these studies 
are still in progress but we have progressed so far that we feel 
confident that all the important generalizations have been made 
regarding the special properties of our natural foodstuffs and the 
lines along which we must proceed in order to make up satisfactory 
diets.7: 1 

It is already clear from these studies that serious mistakes are 
being made in the choice of foods, especially by the poor in 
many parts of the world. Beri-beri, scurvy, rickets, and pellagra 
have all been recognized as being referable to faulty diet although 

4McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 231. 
McCollum, E. V., and Kennedy, C., ‘bid., 1916, xxiv, 491. 
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of different opinions still prevail regarding the etiology of the : 
e latter disease. Eykmann’s experimental production of beri-beri 
a and its cure by dietetic measures,’ and the subsequent extensive 
e study by Funk and others of the nature of the curative substance, 
1 led to the formulation of the “‘vitamine” theory by Funk.’ He 
; attributes each of the above mentioned syndromes to a lack of a 


: specific chemical substance (vitamine) and this theory is so at- 
tractive that it has gained widespread acceptance. Our studies 
of the nature of the dietary deficiencies of many natural food- 
stuffs forced upon us the conclusion that there are under actually 
existing conditions three other dietary factors which are respon- 
sible for malnutrition in both man and animals.'® Indeed the 
conclusion is necessary that except in beri-beri among those who 
eat polished rice almost exclusively, and in the very rare disease 
xerophthalmia which we attribute to specific starvation for the 
fat-soluble A the ‘‘vitamine”’ hypothesis finds no application. 
In a recent paper McCollum and Pitz have considered the etiology 
of exp.rimental scurvy from an entirely different viewpoint.° 

In the present series of papers we shall describe a very elab- 
orate experimental inquiry concerning the properties, with re- 
spect to the several dietary factors, of diets of the complexity 
usual in human nutrition and derived from all the more important 
food materials (except milk and eggs) in common use in the United 
States. These, and milk in particular, form a wonderful safeguard 
in human nutrition and a most valuable adjuvant to all rations 
employed in animal production. The specific reasons for this 
will be apparent as the subject is developed. It will be brought to 
light how, when milk is absent from such diets as are not infre- 
quently employed, the quality of food mixtures affording a fairly 
wide variety is frequently so poor as to bring us near the line 
where visible signs of malnutrition become manifest. A_bio- 
logical analysis of such diets will render possible their correction 
by relatively simple means. 





’Eykmann, C., Arch. Hyg., 1906, lviii, 150; Arch. Path. Anat., 1897, 
exlviii, 523. 

® McCollum, E. V., and Pitz, W., J. Biol. Chem., 1917, xxxi, 229. In 
the second paper of this series we discuss reasons why xerophthalmia is 
to be looked upon ‘as the second and aside from beri-beri the only ‘‘defici- 
ency”’ disease in the sense of Funk. 
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In a recent paper we have discussed the points of resemblance 
in the dietary properties of seeds in general as contrasted with the 
leaf of the plant, and have pointed out the lines along which it is 
necessary to proceed in order to make up from vegetable sources 
diets which will promote growth and physiological well-being.’ 
The most important generalizations which can be made con- 
cerning the seeds as a group are the following. 

1. No seed which we have studied, when fed as the sole source 
of nutriment, can induce growth or prolonged well-being in a 
young animal. Mixtures of seeds are more satisfactory in main- 
taining animals in a fair state of health without growth than are 
seeds of a single species of plant as the sole food, but even com- 
plex mixtures of seeds fed with distilled water (salt-free) will not 
support growth in young rats.’ 

2. The inorganic content of each of the seeds we have studied 
(wheat,® oat,® maize,'® rice,” wheat germ," bean," pea,“ flax 
seed,'® and millet seed'®) is so constituted with respect to total 
quantity and quantitative relationships among its constituents 
that certain salt additions are essential before growth can _ pro- 
ceed in young animals. This is true for mixtures of seeds as well 
as for the seeds of a single variety.’ 

3. The seeds of the wheat, oat, maize, rice, bean, and pea are 
too low in their content of a dietary essential, the nature of 
which is still unknown, to supply the needs of a young animal 


7 McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1917, 
xxx, 13. 

8 Hart, E. B., McCollum, E. V., Steenbock, H., and Humphrey, G. C., 
Wisconsin Agric. Exp. Station Research Bull. 17, 1911. Hart and McCol- 
lum, J. Biol. Chem., 1914, xix, 373. Hart, Miller, and McCollum, ibid., 
1916, xxv, 239. McCollum, Simmonds, and Pitz, ibid., 1916-17, xxviii, 
211. 

9 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxix, 341. 

10 Hart and McCollum, J. Biol. Chem., 1914, xix, 373. McCollum, 
Simmonds, and Pitz, ibid., 1916-17, xxviii, 153. 

11 McCollum and Davis, J. Biol. Chem., 1915, xxiii, 181. 

12 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1916, xxv, 105. 

13 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxix, 521. 

14 McCollum, Simmonds, and Pitz, unpublished data. 

15 McCollum, Harvey Society Lecture, J. Am. Med. Assn., 1917, xviii, 
1379-1386. 
16 McCollum, Simmonds, and Pitz, Am. J. Physiol., 1916, xli, 333, 361. 
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during growth. This substance is present in abundance in 
certain fats as butter fat, egg yolk fats, and the fats extracted by 
solvents from animal organs such as the liver and kidney, free 
from visible fats. It likewise occurs in abundance in the leaves 
of plants,"® and in considerable amounts in the seeds of the flax 
and millet plants."° This dietary essential we have provision- 
ally termed “fat-soluble A.’* It is not extracted from plants 
with the fats by such solvents as ether, chloroform, benzene, or 
acetone, and is therefore not found in any fats or oils of plant 
origin.'"® Hot alcohol does remove it from plant tissues.'° 

4. All seeds which we have studied contain protein mixtures 
which are of relatively poor quality when the proteins of a single 
kind of seed serve as the sole source of proteins. Mixtures of 
seeds in certain cases yield protein combinations which mutually 
make good each other’s amino-acid deficiencies and raise their 
biological value.’ 

5. Each of the seeds which we have studied can be supplemented 
by highly purified protein, pure inorganic salts, and one of the 
growth-promoting fats, so as to form a satisfactory ration for 
growth and maintenance. 15 to 25 per cent of any one of the 
seeds which we have enumerated, will, when fed with a mixture 
of purified food substances, serve to supply all unidentified diet- 
ary factors which are soluble in water or in alcohol (we have 
evidence that there is but one such indispensable substance). This 
we have provisionally designated as “‘ water-soluble B.”"* This one 
is never associated with fats of either animal or plant origin. 

6. The leaf of the plant, if we may generalize from studies of 
three types, alfalfa, clover, and cabbage, differs from the seed in 
having a high content of inorganic elements and is particularly 
rich in those elements, calcium, sodium, and chlorine, which are 
found in but small amounts in the seed. The leaf is much 
richer in the fat-soluble A than are such seeds as wheat, oat, 
maize, bean, and pea. Leaf and seed supplement each other 
with respect to these two dietary factors. Since in many in- 
stances at least the leaf and seed mixtures have been shown to 
yield adequate protein mixtures there is probably always some 
supplementary relationship between them with respect to the 
amounts of the various amino-acids which they yield on di- 
gestion.’ +! 
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In our studies already reported no systematic data have been 
presented which show the dietary properties of mixtures of cereal 
and legume seeds. In the present paper we describe the nature 
of the purified food additions which must be made to combina- 
tions of the maize kernel and the white (navy) bean in various 
proportions, in order to make these seed mixtures dietetically 
complete. The experiments described in this paper were so 
planned as to make clear the value of each dietary factor in the 
maize-bean mixtures as compared with several of the most im- 
portant seeds especially maize and wheat, and navy bean, which 
have been most thoroughly studied separately in a manner which 
showed the nature of their dietary deficiencies. 

The charts presented furnish data which may be briefly sum- 
marized as follows. 

1. Like each of the two seeds individually,'®: * their mixtures 
contain too small an amount of fat-soluble A to induce optimum 
well-being in growing animals. 

2. The mixtures of maize and beans furnish a great abundance 
of the second unidentified dietary factor water-soluble B. 

3. The most satisfactory protein mixture attainable with mix- 
tures of these two seeds is found in about 80 per cent of maize 
and 20 per cent of beans (Chart 3, Lot 745; Chart 17, Lot 814). 
This protein mixture has little more value biologically than an 
equivalent amount of maize kernel proteins, for rats are able to 
grow at about half normal rate on a diet which contains but 9 
per cent of protein all derived from the maize kernel. At lower 
levels (e.g., 7 per cent of the food mixture) the proteins of the 
wheat and the maize kernel are of about the same value. When 
a ration is properly constituted with respect to other factors and 
contains 9 per cent of wheat proteins growth may be practically 
normal over a period of 5 months, after which an injurious effect 
is apparent in stunting and lack of fertility..7. It is highly prob- 
able that if the maize protein content were raised to 12 per cent 
approximately normal growth would result. In Charts 5, 7, and 
9 the records show that with 12 per cent of a mixture of maize and 
bean proteins, in which 63 per cent comes from maize and 37 per 
cent from beans, growth approximates the normal rate, but better 


17 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1916-17, xxviii, 211. 
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results are secured with the same food mixtures supplemented 
with pure casein (Charts 6 and 10). This shows that the maize- 
bean mixture furnishes proteins which require improvement to 
induce the optimum well-being. 

We have shown in a previous publication that 6 per cent of 
milk proteins in a food mixture just suffice to support growth at 
the normal rate in rats.'* It is evident therefore that the pro- 
tein mixture from maize 80 and beans 20 per cent has just about 
one-half the biological value for growth that the total protein 
mixture in milk possesses. 

4. A detailed study has been made of the exact nature of the 
mineral deficiencies of the maize and bean mixtures. The re- 
sults support in every way the conclusions which we expressed 
in a recent publication,’ in which the supplementary dietary 
relationships of the leaf and seed were discussed. It was pointed 
out that sodium and calcium were the elements concerned in de- 
termining the unsatisfactory character of the mineral content of 
seeds in general. This is an extremely important matter in 
human nutrition and agricultural practice in certain parts of the 
country where the water used for drinking purposes is nearly 
free from lime and sodium chloride. Efficient utilization of food 
by growing animals is not possible when the diet is deficient in 
these elements. 

There are two practices which make for safety in human nutri- 
tion in those districts where the water is low in sodium and 
calcium. These are, first, the consumption of milk as a regular 
article of diet, and second, the use of the leaves of plants as hu- 
man food. Milk is always high in calcium and as a rule con- 
tains a far greater amount of sodium chloride than do any of 
the seeds. The same is true of the leaves of plants. It is highly 
probable that meats do not make good the mineral deficiencies 
of a diet derived principally from seeds. We cannot emphasize 
too strongly the importance of using milk as a regular constitu- 
ent of the human diet and also the great benefit which would 
result from a more extensive use of the leaves of plants as a 
staple article of the diet. 

The liberal use of pot-herbs by those peoples who approximate 


18 McCollum and Davis. J. Biol. Chem., 1915, xx, 415. 
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most closely strict vegetarian habits is a practice which saves 
them from extinction. The cause is now clear in that both the 
mineral deficiencies and the shortage of the fat-soluble A in the 
seeds are thus made good. 

Investigations by the special methods which we have developed 
have now reached a point which makes it clear how near the 
danger line from faulty diet are certain classes of people even in 
the United States at the present time. After an extensive study 
of the dietary habits of the people in the South who suffer from 
pellagra, Goldberger'® selected for an experiment on human 
beings a diet of wide variety with a view to the experimental 
production of pellagra. He considered the diet to represent 
the type of food consumed by pellagrins before and during the 
onset of the disease. ‘‘The ingredients of this diet were wheat 
flour (patent), corn meal, corn grits, corn starch, white polished 
rice, standard granulated sugar, cane syrup, sweet potatoes, pork 
fat (fried out of salt pork), cabbage, collards, turnip greens, and 
coffee.” Calculated on a wet basis the sweet potatoes, cabbage, 
and collards made one-fifth of the diet, but on a dry basis only 
about 4 per cent of the total solids. This amount of leaf is not 
sufficient to make good the very serious shortage of calcium and 
sodium in the remainder of the diet nearly all of which was de- 
rived from the endosperm of seeds. The common practice of 
salting human foods doubtless supplied sodium chloride in suffi- 
cient amounts. It is evident likewise from our studies of wheat, 
maize, and rice that the fat-soluble A is not supplied in Gold- 
berger’s diet in anything like the amount necessary to support an 
animal in health. 4 per cent of the solids of the ration as leaves 
would not furnish enough of this factor for the rat. When it is 
further considered that the protein content of the diet was not 
above 8 per cent of the food mixture, there is abundant reason 
for the enfeeblement and the development of the syndrome of 
pellagra. 

In Chart 7, Lot 792, are shown the records of a group of rats 
whose diet furnished 12.5 per cent of protein, about 63 per cent 
of which was derived from the maize kernel and 37 per cent from 
the bean. All the deficiencies of the mixture from the dietary 


19 Goldberger, J., J. Am. Med. Assn., 1916, Ixvi, 471. 
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standpoint were made good except the protein factor. On this 
diet the animals looked very old and rough-haired at the age of 
8 months. The one female which produced young was incapable 
of rearing them. After three of the six young in the third litter 
had died, pure casein was added to her diet. The immediate re- 
covery of the remaining young and their rapid growth proved 
conclusively that the protein factor was solely responsible for the 
poor nutrition of the entire group. This diet, which contained 
only maize and bean proteins (Lot 792), furnished 90 gm. of pro- 
tein for a 3,000 calorie portion or about a third more than the 
Chittenden Standard. In the light of such experimental evi- 
dence it is entirely unnecessary to invoke a hypothetical “ vita- 
mine,”’ the absence of which causes pellagra. We desire to em- 
phasize again that the nature of the deficiencies of the more 
important seeds and mixtures of the same from the dietary stand- 
point is now well understood, and that there is grave danger in 
deriving nearly the whole food supply from the seeds of plants. 


Credit is due to Mr. Walter Pitz for assistance in preparing 
some of the materials employed in these experiments. 
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Pellagra-Producing Diets. I 
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Cuart 11. Lot 747, Period 1, shows that maize 60 and beans 40 per cent 
cannot induce growth in young rats. Mixtures of these two seeds in any 
proportions require additional fat-soluble A and certain salt additions in 
order to induce growth. The growth of Lot 747 harmonizes with that of 
all other experiments we have conducted, in indicating that mixtures of 
proteins derived from maize and beans in any proportions have a relatively 
low biological value since when fed with satisfactory supplements, any 
plane of intake attainable tends to support growth a little below the normal 








expectation. 
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Cuarrt 14. Lot 749. It can be definitely stated that maize and bean mixtures, 
properly supplemented with respect to the inorganic constituents and fat-soluble A, 
are better as monotonous rations when maize is the chief constituent than when 
beans predominate. This appears to indicate a better protein mixture in the former 
case. A high content of beans tends to cause injury from excessive fermentation so 
it is not possible to say with certainty that the failure of animals to reverse relations 
depends principally on the quality of the protein. Chart 15, Lot 796, strongly sup- 
ports this view. 

In Lot 749, Period 3, the inclusion of casein accelerated the rate of growth to 
some extent. Chart 13, Lot 883, shows what animals can do when given this identi- 
cal mixture from the beginning. 
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THE URIC ACID CONTENT OF MATERNAL AND FETAL 
BLOOD. 


By J. MORRIS SLEMONS anp L. JEAN BOGERT. 


(From the Departments of Obstetrics and Gynecology and of Pathological 
Chemistry, Yale Medical School, New Haven.) 


(Received for publication, August 14, 1917.) 


Determinations of the quantity of uric acid in the blood of 
mother and fetus at the moment of birth were undertaken as 
part of a plan to study the placental interchange by comparing 
the composition of the blood in the two organisms. Thus far, 
reports have been made concerning the non-protein nitrogen and 
urea,! amino-acids,? sugar,’ and lipoids.* Uric acid determina- 
tions were made by the Benedict method, using the procedure 
recently reported by one of us.° 

Specimens were secured simultaneously from mother and 
fetus at the conclusion of the expulsive stage of labor. The 
maternal blood was aspirated from one of the arm veins; the 
fetal blood was taken from the umbilical vein and was, there- 
fore, arterial in character. 

In normal obstetrical cases practically identical values prevail 
in the maternal and fetal specimens, a finding in agreement 
with that of Kingsbury and Sedgwick,*® and upon this evidence 
we believe that uric acid passes through the placenta by the 
process of diffusion. In this respect, uric acid resembles other 
nitrogenous waste products, ammonia, urea, creatine, and creati- 


1 Slemons, J. M., and Morriss, W. H., Bull. Johns Hopkins Hosp., 1916, 
Xxvll, 343. 

2 Morse, A., Bull. Johns Hopkins Hosp., 1917, xxviii, 199. 

§ Morriss, Bull. Johns Hopkins Hosp., 1917, xxviii, 140. 

4Slemons, J. M., and Curtis, C. S., Am. J. Obst., 1917, Ixxv, 569. 

5 Bogert, L. J., J. Biol. Chem., 1917, xxxi, 165. Acknowledgment is 
made of suggestions as to technique received from Dr. Louis Baumann of 
Iowa State University. 

® Kingsbury, F. B., and Sedgwick, J. P., J. Biol. Chem. 1917, xxxi, 
261. 
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64 Urie Acid 


nine,’:® which are found in equivalent amounts in both circula- 
tions. This conclusion also has the support of the findings in 
pathological cases. Eclamptic mothers in whose blood the quan- 
tity of uric acid is twice or three times that of the normal give 
birth to infants in whose blood the uric acid is correspondingly 
increased. 

Irrespective of parity at the conclusion of labor, the blood uric 
acid generally falls within normal limits (2 to 5 mg. per 100 ce. 
of blood). It is noteworthy, however, that higher values are 
usually found in women giving birth to the first child (primipare) 
than in those who have previously borne children (multipare). 
Thus, the extremes encountered among primipare weré 1.8 and 
8.0 mg., among multipare 1.4 and 3.0 mg. A possible explana- 
tion of these figures may be the relatively longer and more diffi- 
cult labor in the case of primipare. This possibility is supported 
by two kinds of evidence: first the fact that we find no difference 
between the two classes of patients when analyses are made dur- 
ing pregnancy, and second the apparent relationship between 
the duration and severity of the labor and the quantity of blood 
uric acid. On the other hand another possible factor in the ex- 
planation of this increased uric acid may lie in a temporary renal 
insufficiency since it is well known that the output of urine is de- 
creased during labor and frequently a mild albuminuria may 
then be demonstrated. 

In view of the possibility that muscular work may increase the 
urie acid content of the blood, determinations were made _ be- 
fore and after labor. Although the number of cases thus far 
examined is small, the results (Table II) showing an increased 
uric acid after labor in five out of six cases are interesting and 
suggestive. 

A notable increase in the uric acid of the blood was encoun- 
tered in a case of syphilis (No. 39), a case of pyelitis (No. 38), 
and in most cases of toxemia whether of the preeclamptic, eclamp- 
tic, or nephritic type. However, one conspicuous exception 
occurred (Case 36) in which after three convulsions the blood 
contained 1.9 mg., and after six convulsions 3.4mg. This woman, 


7 Hunter, A., and Campbell, W. R., J. Biol. Chem., 1917, xxix, p. xviii. 
8 Plass, E. D., Bull. Johns Hopkins Hosp., 1917, xxviii, 137. 
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Uric 
: acic Period of . 
Para. os - — Remarks. 
blood. 
mg. 
| TT 3.8 | 3rd month. Neurotic vomiting. 
| | 2.4] Sth “ Normal pregnancy. 
| ri 33; & * a “ Blood pressure 160. 
| VIII 1.2 | Term. ? 4 
lvl} 23] « “ “ 
| i Bi = Syphilis. 
| I} 6.0 " Preeclamptic toxemia. Blood pres- 
sure 180. 
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val Blood before and after Labor. 





Uric Acid Content of Materr 


Uric acid per 100 ec. of blood. 


First observation. 


Dura- | 
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= tion of | Remarks. 
End of | labor. 
labor. | 
a see — 
mg. hrs. | 
6.0 12 Induction of labor. 
3.4 | 24 ““ “ “cc 
6.8 8 | Syphilis. 


8.0 | 36 | Normal labor. 
6.0 | 10 | Preeclamptie toxemia. 








3.4 5 | Nephritis. Six convul- 
| gions. Induction of 
| 
| labor. 


SET a 


Uric Acid 


TABLE III. 


Uric Acid Content of Maternal and Fetal Blood in Normal Primiparous 


Cases. 





Length 
of 
second 
stage. 


Source. 


Uric 
acid 
per 100 
ec. of 
blood. 


Remarks. 








hrs. 


} 














mg. 


1.8 


Normal labor; whiffs of chloroform. 
Normal infant. 


Breech presentation; chloroform. 
Normal infant 


Normal labor; whiffs of chlo:oform. 
Normal infant. 
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TABLE IV. 
Uric Acid Content of Maternal and Fetal Blood in Normal Multiparous 
Cases. 
Dura- tough one 
Case. | Para. | tion of Fo. Source.| per 100 Remarks. 
labor. stage. Ce i 
hrs. hrs. mg. 
16 II} 19 1 M. 2.3 | Normal labor; no anesthesia. 
F. 2.5 | Normal infant. 
17 II; 12 4 M. | 1 8 | Whiffs of chloroform. 
F. 1.8 | Normal infant. 
18 II 8 } M. * 
F. 2.8 
19 III 6 } M. | 2.2 | No anesthesia. 
F. 2.0 | Normal infant. 
20 III 4 i M. - 
F. 2.6 
21 III} 12 1 M. 3.0 - 
F. 3.3 
22 IVj 11 3 M. 2.0 | Whiffs of chloroform. 
F. 3: Normal infant. 
23 Vv! 10 A M. | 2.2 | No anesthesia. 
F. 2.4 | Normal infant. 
24 | VIII} 5 4 | M./ 1.4, “ 


















































Uric Acid Content of Maternal and Fetal Blood in the Presence of 


TABLE V. 


Complications. 
























































Uric 
é acid 
‘ é © | per 100 Remarks. 
% = 3 | ce. of 
6) < % | blood. 
wi mg. 
26} %IV|M./| 2.6 | Forceps; deep chloroform anesthesia. 
F. 2.6 | Normal infant. 
27; IIl|M.| 2.5 | Induction of labor because of size of fetus. 
F. 4.5 | Normal infant. 
28} VIII; M.| 3.4 “ 
F. 3.6 
29 I|M.| 8.1 | Preeclamptice toxemia. Blood pressure 180. Albu- 
min 1.8 per cent. 
F, 6.3 | Premature infant. 
30 I|M.| 6.0 | Preeclamptic toxemia. Blood pressure 180. Albu- 
min 1.5 per cent. 
F, 6.1 | Normal infant. 
31 I|}M./| 8.1 | Preeelamptic toxemia. Blood pressure 190. Albu- 
min 0.9 per cent. 
F. 8.2 | Normal infant. 
32 I|M.}| 6.0 | Induction of labor. Blood pressure 170. 
F. 5.7 | Normal infant. 
33 I|M.} 8.3 | Eclampsia. Three convulsions. 
F. 9.0 | Normal infant. 
34 I|M.} 9.1} Eclampsia. Five convulsions. 
es Stillborn, premature infant. 
35) III | M.} 4.9 | Nephritis. Induction of labor. 
| F. 7.4 | Premature infant. 
36 ViM. 4 | Nephritis. Six convulsions. 
F. 3.0 | Premature infant. 
37 X |} M.| 4.5 | Nephritis. Spontaneous labor. 
F. 4.8 | Normal infant. 
38 [|}M.| 7.4} Pyelitis. At term. 
r. 7.0 | Normal infant. 
39 II |M.}| 6.8 | Syphilis. 
F. 6.2 | Living infant at term. 
40 X|M.; 6.9 | Cardiorenal disease. Spontaneous labor. 
F. Stillborn infant. 
41} Il | M.| 1.8 | Twin pregnancy. Hydramnios. 
| F. | 3.2 | Premature infants, 7th month. 
IF. | 3.11 
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in her fifth pregnancy, was probably suffering from nephritis. 
In other cases of nephritis high values were found and, therefore, 





the blood uric acid does not serve to differentiate nephritis from a 
eclampsia—a clinical requirement which obstetricians are con- ie 
stantly seeking to fulfill. P Bi 
A 
1h 
CONCLUSIONS. i 
The uric acid content of the blood during uncomplicated preg- AaB 
ae 5 . ae 
nancy falls within the limits accepted as normal at other times ‘ 
(2 to 5 mg. per 100 cc. of blood). Bt | 
Larger values were found in cases of syphilis, pyelitis, and the co 
toxemias of pregnancy. i 


At the conclusion of labor higher values usually prevail in 
primiparous than in multiparous women. This may be ex- 
plained by the longer duration and the more energetic character a 
of the labor in the case of the first birth. 

In several cases an increased uric acid content of the blood 
after labor was demonstrated. 

Equivalent values for the uric acid in the blood of mother and ! 
fetus indicate that uric acid passes through the placenta by ¥ 
diffusion. ‘a 

As a rule the uric acid of the blood is notably increased in 
cases of eclampsia and also of nephritis during pregnancy; con- 
sequently, these clinical complications may not be distinguished i 
by estimation of the blood urie acid. 




















THE SCHNEYER METHOD FOR THE DETERMINATION 
OF LACTIC ACID IN URINE. 


By MARY E. MAVER. 


(From the Otho S. A. Sprague Memorial Institute Laboratory of the Children’s 
Memorial Hospital, Chicago.) 


(Received for publication, August 2, 1917.) 


Meissner! in 1915 described a method for the determination of lactic 
acid in organ extracts, which Schneyer* has applied to the determination 
of lactic acid in urine. The method, as given by Schneyer, is as follows. 

To 250 ce. of urine are added 2 cc. of cold saturated CaCl, and 15 to 20 
drops of a 10 per cent ammonia solution. The mixture is heated and fil- 
tered. Ifit has been previously ascertained that diacetic acid and acetone 
are present, the filtrate is boiled for 15 minutes with mineral acid. The 
filtrate is then evaporated on a water bath toasyrup. The syrup is acidi- 
fied with 5 cc. of H;PO,, about 13 per cent, and mixed with CaSO, to a 
dry crumbling powder. The powder is transferred quantitatively to an 
extraction thimble and extracted for 8 to 10 hours. The ether is evapor- 
ated from the extract and the residue is treated with concentrated H,SO, 
in a current of carbon dioxide. The carbon monoxide evolved is collected 
in a nitrometer over 50 per cent KOH. The amount of lactic acid is 
calculated from the equation: 

CH; — CHOH — COOH — CH; — CHO + H,0 + CO 

In our experiments, we followed the suggestion of Meissner, of testing 
the carbon monoxide for impurities by absorption in ammoniacal cuprous 
chloride solution. 


Schneyer states that: (1) Hippuric and benzoic acids give no 
carbon monoxide on treatment with concentrated HSOx. 

(2) 8-Hydroxybutyric and fatty acids develop carbon mon- 
oxide in such minute quantities that the error from this source 
may be neglected. 

(3) Oxalie acid and diacetic acid evolve carbon monoxide in 
considerable amounts and are, therefore, to be eliminated—the 
oxalic acid by treatment with calcium chloride and ammonia, 
and the diacetic acid by boiling with mineral acid. 

1 Meissner, R., Biochem. Z., 1915, Ixviii, 175. 

2 Schneyer, J., Biochem. Z., 1915, Ixx, 294. 
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From the statements of Schneyer, the method seemed to fulfil 
its purpose better than any of the other indirect methods. 

The values obtained frequently exceeded those obtained by 
other methods, so that one thought of the possible presence of 
substances, other than lactic acid, which were capable of yielding 
carbon monoxide. Schneyer reported no experiments, but prom- 
ised the publication of results on normal and pathological urines. 
We had no opportunity of obtaining the later literature from 
abroad, and it is possible that Schneyer may in the meantime 
have recognized the limitations of the method. 

Search was started for substances occurring in urine which 
could survive treatment with calcium chloride and ammonia, and 
which, when extracted with ether, would yield carbon monoxide. 


TABLE I. 


























Lactic acid. 

} Urine yaa oF oe 

Date. |Patient.| Age Diagnosis. in 244 | Sp.gr.| “os |$i 7 
| hrs. =o ie ™ 
| 2£s (2573 
Cod [En as 
ges oe Le EGER ee SO eee a BES 

| yrs. ec. gm. gm. 
Oct. 17, 1916 | r. 64 Endocarditis. 350 | 1020 (0.1942/0. 1630 
“= 8, 10e....:| Bt. 83 Y 515 | 1010 |0.5613/0.4945 
June 7, 1017.....! 815 | 1018 |0.2575)0.1076 
May 29, 1917.....| B2. | 8 « 450 | 1020 0 1543'0.0651 





Contrary to the statement of Schneyer, hippuric acid was found 
to give CO, due to the dissociated glycocoll which alone gives CO. 
The reaction does not proceed molecularly, but 0.1 gm. of hip- 
puric acid was found to give consistently 0.0057 gm. of carbon 
monoxide. The amount of hippuric acid in the ether extracts of 
the urine was determined in a few cases by the method of Folin 
and Flanders.’ From the amounts of hippuric acid found, the 
‘arbon monoxide from this source was calculated as lactic acid, 
and the original values for lactic acid were corrected. In Table 
I will be seen the values for lactic acid before and after this 
correction has been made. 
It is evident that hippuric acid cannot be neglected offhand. 


3 Folin, O., and Flanders, F., J. Biol. Chem., 1912, xi, 257. 
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Succinic acid liberates carbon monoxide easily when treated 
with sulfuric acid. When added to urine which was treated ac- 
cording to the Schneyer method, a decided increase in the amount 
of carbon monoxide was found. Succinic acid is said to oceur in 
normal urines, and it has been found in pathological exudates 
(Hoppe-Seyler).* It is not at all unlikely, therefore, that some 
of the carbon monoxide may be derived from this source at 
times. 

8-Hydroxybutyric acid, which occurs in normal urine of chil- 
dren® yielded a negligible amount of carbon monoxide in agree- 
ment with Schneyer’s statement. Oxalic acid also yielded no 
‘arbon monoxide when added to urine which was treated accord- 
ing to Schneyer’s method. 

The values for lactic acid in normal urines which are given by 
indirect methods vary from 6 to 8 mg. per 100 cc. of urine. 
Ryffel,® who has written a very good review of the work done on 
the occurrence of lactic acid in urine under normal and pathologi- 
cal conditions, gives 6 mg. per 100 cc. of urine (sp. gr. 1020) as 
anormal value. Von Fiirth’ gives 8 mg. per 100 cc. as a normal 
average, using the bisulfite-iodine titration after clearing the 
urine with phosphotungstic acid and oxidizing with permanga- 
nate. Ishihara’ also finds that a value of about 8 mg. per 100 ce. 
isnormal. In non-pathological cases, the Schneyer method gave 
ralues very near the yalues obtained by these indirect methods. 
Table II shows the values obtained under different conditions by 
the Schneyer method. 

Comparative determinations were made using the method de- 
vised by Ryffel,’ a brief outline of which follows. 40 ec. of 
urine to which a known amount of lactic acid has been added 
are placed in a 500 ee. flask, and to this are added 45 ee. of con- 
centrated sulfuric acid, rapidly through a dropping funnel, while 
the flask is shaken and cooled. The flask is connected to a steam 


4 Hoppe-Seyler, F., Z. physiol. Chem., 1894, xix, 476. 

5 Veeder, B. S., and Johnston, M. R., Am. J. Dis. Child., 1916, xi, 291. 
We are indebted for this acid to Professor Shaffer. 

6 Ryffel, J. H., Quar!. J. Med., 1909-10, iii, 221, 413. 

7 Von Firth, O., Wien. klin. Woch., 1914, 877. 

8 Ishihara, H., Biochem. Z., 1913, 1, 468. 

* Ryffel, J. Physiol., 1909-10, xxxix, p. v. 
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TABLE II. 




















| | 
eee Lactic acid. | 
“ | 
4 Ros | ¢ 
Date. : a "om ~s Remarks.* 
= e | &| see | $5 
a = 5 ~ | one ae 
3 Kr ¥ a oom 5° 
Ry < - D _ Ay 
| yrs. ce. gm. gm. 
Mar. 22. | F1.| 10 950}1015|0.0798 |0.0084| Orthopedic operation 
on foot. 
<« 2-31... 1,135)}1017|0.08502\0.0075 


W.} 11 560} 1020\0.0554 |0.0075) Operation after pol- 
iomyelitis. 


Feb. 21 er > ee 485/1012/0.03607|0.0062; Pneumonia. 
- ae 575|1010|0.1104 |0.0192 
M.| 4 110/1020/0.0360 |0.0330| Pneumonia, trace of 
acetone. 
Mar. 2. S1.| 9 520)1027/0.0925 |0.0178} Pneumonia, urine very 


acid with some al- 
| bumin and acetone. 
aime te 500/1027\0.1150 |0.0230) Pneumonia, urine very 
acid with some al- 
bumin and acetone. 
S2.| 8 | 372/1015|0.0457 0.0123) Pneumonia. 

A. | 10 540}1014/0.0313 |0.0058; Chorea. 

Nov. 1,1916..| B1l.} 84 735|1015/0.2947 (0.0401) Endocarditis. 

June 14,1917.. 410)1028)0.1683 |0 0411) ” 


























* Unless noted, no abnormalities in the urine were found. 


generator and a condenser. A gentle current of steam is led into 
the flask, which is heated to 153-157° for 1 hour, or until 150 
ce. of fluid have distilled. The distillate is made alkaline and 
redistilled. The second distillate is collected in a 100 cc. volu- 
metric flask and compared colorimetrically with a standard pre- 
pared by the addition of Schiff’s reagent (rosaniline hydro- 
chloride decolorized with sulfurous acid) to a known solution of 
formaldehyde. I found it necessary to run a control experi- 
ment with a known solution of lactic acid to standardize the 
color produced by the Schiff’s reagent with the formaldehyde 
each time the standard was made. This method shares, for very 
accurate work, the objections raised by Dehn"? against all colori- 


10 Dehn, W. M., J. Am. Chem. Soc., 1917, xxxix, 1392. 
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metric methods. But the criticism of Ishihara’ with reference 
to the loss of acetaldehyde in the distillation was not borne out 
by experiments in which I used much smaller amounts of lactic 
acid. 

Table III shows that it is possible to determine added lactic 
acid with the Ryffel method as well as with the Schneyer method. 


TABLE III. 





Lactic acid. 











Nov. 14 1916 . E 


a | :@ a . | 
Date. ? cs \S.E3° :| a | } Remarks. 
2 g5 5.4] 23] a 
= |e] 53 leses] os | 3 | 
= < a land = i; < 
Ry ffel method. 
a -| gm. | gm. | gm. | gm. 
Jan. 7,1917..) B3.| 13/0 (080)0 0200/0 .0120\0.0119| Recovered chorea. 
1.| 8 


: 83.0 0095)0 0562\0 0467|0.0470| Determination made 
| | on ether extract of 

urine. 

Jan. 8, 1917..) | ‘0.010010 0225/0 .0125|0.0119| Endocarditis. 


Se hl ‘ver method. 


Jan. 7, 1917. | | BB. 13|0 o179)o. 0298|0.0119/0.0119| Recovered chorea. 
Nov. 14, 1916..| B1.| 84/0.0337 0 0568/0. 0231/0.0230| Endocarditis. 
Jan. 8,1917..) | (0.030510 0440/0. 0135'0.0119 " 


| 


























After the correction had been made for hippuric acid as pre- 
viously described, the values for lactic acid as determined by the 
Schneyer method were higher than those obtained with the Ryffel 
method, as in the following examples. 














| n | wai” a2 es | 
Z| gas | 33 & | 
| | | s | gee] BB oe | 
Date. | 3 | as | ? B25% g= ag | Remarks. 
[Ell 2 | & fees] ese 
jae je}| 5 | a ie "| < & | 
1917 | oval ce. gm. gm. 
June 7 | B1.| 83/ 815 | 1018 (0.2575 R. 0.0509 | Endocarditis. 
a S. 0.1076 
| | 
| oe | | 
May 29 | B2.| 8 | 420 | 1020 |0.1543) R. 0.0180 | «“ 
x S. 0.0651 
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The excess carbon monoxide calculated as lactic acid is there- 
fore due in part to substances'! other than hippuric acid. 


TABLE IV. 


Comparative Results Obtained by the Two Methods. 
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Jan. 


Dec. 


ru 
—_t 


Mar. 


“ oD 


Nov. 14.. 


May 23 


It is perfectly clear, even from the relatively small number of 
our experiments, that the method of Schneyer cannot be applied 
to the quantitative determination of lactic acid in urine. 
the method is of unquestionable value, indicating the excretion 
of substances belonging to a group capable of yielding carbon 
monoxide under the conditions of the experiment. 

't Camphor glycuronic acid (not crystalline) prepared according to the 


method described by O. Schmiedeberg and H. Meyer (Z. physiol. Chem., 
1879, ii, 422) gave CO, while camphor alone did not. 
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STUDIES OF FOOD UTILIZATION. 


I. THE UTILIZATION OF CARBOHYDRATE ON RELATIVELY HIGH 
AND LOW CEREAL DIETS. 


By ZELMA ZENTMIRE ann CHESTER C. FOWLER. 


(From the Laboratory of Physiological Chemistry, Department of Chemistry, 
Iowa State College, Ames.) 


(Received for publication, August 18, 1917.) 


INTRODUCTION, 


While there are on record many experiments to determine the 
utilization of protein, carbohydrate, and fat from various sources, 
few seem to have been made to determine the utilization of these 
constituents when ingested in varying quantities. There seem to 
be no data on the comparative utilization of varying amounts of 
these food principles when derived from cereals in some form 
other than white bread. The present study was undertaken to 
ascertain how much if any difference occurs in the utilization of 
cereal protein and cereal carbohydrate when ingested in varying 
amounts in the form of thoroughly cooked ‘‘cream of wheat.” 
The data on protein utilization will be presented in a later paper. 


Carbohydrates Present in Wheat Farinas. 


Since the utilization of carbohydrate depends to some extent upon its 
nature, a knowledge of the forms present in the wheat farinas, in which 
class cream of wheat belongs, is not without importance. Ishida and 
Tollens (1) reported 6.93 per cent pentosans and 1.72 per cent methyl 
pentosans in wheat. Teller (2) closely agreed in reporting 7.43 per cent 
pentosans in wheat. He also found 0.0 per cent dextrose, 1.46 per cent 
sucrose, and 53.65 per cent starch and undetermined carbohydrate in ripe 
wheat. The bran contains most of the pentosans and crude fiber. That 
the original sugars in wheat meal are dextrose and sucrose, whieh are 
present in small amounts (0.1 to 0.4 per cent and 1.0 to 1.5 per cent respec- 
tively) has also been determined by von Liebig (3). 
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Utilization of Carbohydrates. 


According to Cammidge (4) and also to Thomsen (5) cane sugar is com- 
pletely absorbed. London and Polowzowa (6) reported as the result of 
experiments upon dogs with fistulas that in the lower ileum glucose and 
sucrose are completely absorbed, and starch paste is 93.3 per cent ab- 
‘sorbed. Dry starch to the extent of 21.9 per cent was found to pass into 
the large intestine. Fofanow (7) found the normal gastrointestinal tract 
capable of digesting and absorbing, equally well, raw or boiled starch from 
wheat, oats, and rice. The quantity of carbohydrate in the feces after 
the ingestion of these raw starches was small. On the other hand, the 
extent of utilization of carbohydrate was found by Ehrmann and Wolff 
(8) to be dependent upon the amount of carbohydrate fed, the state of 
division, and especially upon the thoroughness of cooking. These ex- 
periments were made upon dogs, and the feces were quantitatively analyzed 
for starch and easily hydrolyzed cellulose. Harcourt and Fulmer (9) say 
wheat and oat meals boiled 20 minutes are almost as fully digested as those 
cooked 8 hours. 

Schneider (10) states that pentosans of apple mare are digested by 
man to the extent of 88.7 per cent, but that bacteria of the alimentary 
tract, and not enzymes are responsible for their digestion. Any cellulose 
present in such finely divided form as in wheat farinas would probably be 
utilized (11, 12, 18). 

The carbohydrates of milk, of wheat bread, and of a simple mixed diet 
are particularly well digested (14). It is to be noted that the work of the 
several investigators indicates that varying amounts of carbohydrate up 
to 670 gm. in the form of wheat bread are practically equally well utilized. 
Harcourt (15) determined the coefficient of digestibility for many cereal 
foods. Healthy young men were the subjects, and the periods were 4 
days in length. The diets consisted of the breakfast food with cream 
and sugar. Typical results follow in Table I (15). 


TABLE I. 


Utilization of Carbohydrates on Cereal Diets. 











. Cereal carbo- 
| _ No.of | Tatstente | “hydrate 
i e i ts. | Py ted, 
eee es | digested. caleulated. 
| | per cent per cent 
Wheat farinas. 11 98.2 98.8 
me OI, ots) Gane ots oy - - | 98.5 98 8 
Rolled wheat.. ...................| $4 ee} Oe 
Granulated oats....................| 6 97 .6 | 98.1 
ae Sictvtivesinees' - 10 } 98.2 | 98.4 
| } 





The data on the whole point toward a loss of between 1 and 2 per cent 
of the carbohydrate on a diet of wheat or oat cereal with cream and sugar. 
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The fact that carbohydrate other than that of the cereal was ingested makes 
uncertain the utilization of the cereal carbohydrate, although the latter 
has been estimated. 


EXPERIMENTAL. 


The subject was a mature normal young woman weighing at the time 
of the experiment approximately 49 kilos and engaged in moderately 
active physical and mental work pertaining to teaching and laboratory 
routine. The experiment covered a period of 3 weeks divided as follows: 
5 days each of lower and higher cereal diets; 2 days each of nitrogen-free 
lower and higher starch diets; and preliminary and intermediate periods of 
2 days each in which a simple mixed diet was ingested. This diet was 
calculated to furnish an energy value of 2,300 calories per day, 13.5 per 
cent of this being furnished by protein. The protein was estimated to 
yield 12.5 gm. of nitrogen. No analysis of the simple mixed diet was made, 
the calculation being based on data obtained from Atwater and Bryant 
(16). An adequate supply of water was taken daily and was made uniform 
throughout the experiment (17). 

Preliminary trials with the experimental diets were made to ascertain 
the quantities that could be ingested per day. It was learned that in order 
to keep the protein content of the cereal diets normal, a pure protein well 
utilized, such as casein (18), would have to be added, and also that diffi- 
culty was likely to be encountered in maintaining a sufficient number of 
calories in the diets. Probably the majority of subjects would not find the 
necessary quantities of sugar and butter fat distasteful, but this subject 
ordinarily used comparatively little butter and sugar. In order to make 
possible the ingestion of adequate quantities of fat, the amounts estimated 
to be necessary for the higher cereal and the higher starch diets were cooked 
in the cereal and in the starch pudding. 

Cream of wheat was the cereal chosen, because of its homogeneity and 
because it was liked by the subject. For the starch pudding, the best 
quality of cornstarch was used. 

Cereal and starch in sufficient quantities for the entire experiment 
were boiled a few minutes on the stove, then placed in a large fireless cooker 
over night. This method resulted in uniform, thoroughly cooked products 
which were preserved by cold without freezing. A known weight of butter 
fat was cooked in each food, and from the weight of the cold product the 
percentage of fat was calculated with sufficient accuracy to estimate its 
fuel value. A preliminary analysis of cooked cream of wheat had shown 
its fat content to be negligible. This result agrees with the low fat con- 
tent, 2.57 per cent of the ripe wheat grain reported by Teller (2). The 
starch pudding made with water was flavored with lemon juice, but like 
all other nitrogen-free diets it was unpalatable. To obtain fat free from 
nitrogen, butter was melted on a water bath at 45°C., and the clear fat 
poured off not too closely. To increase the palatability of the cereal 
diets, whole milk to which small amounts of cream had been added was 
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taken with each meal. Sufficient rich milk for an entire period of 5 days 
was preserved in the same manner as the cereal and starch pudding. 

From the results of the food analyses, the amount of nitrogen con- 
tained in the quantity of cooked cereal that could be ingested daily for the 
lower cereal diet (considering that this quantity would have to be doubled 
for the higher cereal diet) was ascertained. Sufficient milk casein was 
added to make the daily total nitrogen content approximately 9 gm. 
Butter fat and cane sugar were added to complete the fuel value to 2,000 
calories. 

The higher cereal diet differed from the lower cereal diet only in that 
it contained twice as much cereal carbohydrate and protein, and in the 
amounts of milk sugar and milk fat, due to differences in the percentage 
composition of the milk used in the two periods. The amount of nitrogen 
furnished by the milk of the two cereal diets was kept constant. The 
moisture content of the simple mixed and the experimental diets was kept 
constant. 

For the lower starch diet, as many grams of the pudding were ingested 
daily as could be, and still be doubled in amount in the higher starch 
diet. As much butter fat and cane sugar as possible were added, since at 
best the fuel value of the diet would be none too high. The higher starch 
diet differed only in that it contained twice as much starch. 

The meals of any one period were exactly alike. 3 gm. of agar-aguar, 
which is practically indigestible (19) but stimulates peristalsis, were in- 
cluded in each cereal meal. The milk, cereal, and agar-agar were warmed 
over hot water. The cereal diets were not unpalatable, except that on 
the first day the casein caused nausea, and only a part of the usual meal 
could be ingested. This difficulty arose through an attempt to take the 
casein in the warm cereal. When suspended in water, the casein was 
taken with ease. Mendel and Fine (20) have shown that while certain 
wheat preparations caused intense nausea in man, and necessitated forced 
feeding in dogs, they were thoroughly digested. 

The starch pudding was taken cold. The sugar and butter fat were 
made into a candy with a portion of the water allowed for the meal. Even 
then they were taken with difficulty. Because of headache and nausea, 
induced probably by worry over the experiment, no dinner could be taken 
the second day of the lower starch period, and the starch pudding had 
to be omitted for supper of the same day. Agar-agar was nauseating, 
either dry or in water, and very little was taken with the starch diets. 
In spite of the headache and nausea mentioned, on the whole the condi- 
tion of the subject was improved during the 3 weeks of the experimental 
periods. 

The feces of one period were separated from those of another by the 
ingestion of carmine or charcoal capsules with the first meal of each 
period. Although feces cannot be separated satisfactorily for periods of 
less than 2 days’ duration, there was no difficulty in making the separa- 
tion for periods of 2 days in this study, which may have been because of 
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the comparatively light color of the stools resulting from diets containing 
little or no meat. The feces were collected in daily samples, weighed at 
once by difference, preserved with thymol in air-tight cans, and frozen 
for about a month until analyses could be made. This method of preser- 
vation has been found to be satisfactory (21). Analyses were made upon 
the moist daily samples unless at the beginning or close of a period the 
portion of the stool from an experimental diet was too small in amount 
to be analyzed separately. 


Methods of Analysis. 


All analyses were made in duplicate according to the following 
methods upon approximately the weight of samples specified. 


A. Moisture. 


») 


1. Cooked cereal and starch pudding; official method (22); 3 gm. 
samples. 

2. Milk; open dish method (23); weighed 5 ce. samples. 

3. Feces; as described by Lohrisch (24); 2 gm. samples. 


B. Fat. 


1. Cooked cereal containing no added butter fat; Soxhlet method (25 
2 gm. samples. 2 
2. Milk; Babeock method (23); 17.6 ce. samples. 


C. Carbohydrates. 


1. Reducing sugar in cooked cereal; Munson and Walker method (23); 
10 gm. samples. 

2. Total carbohydrates in cooked cereal and in starch pudding; official 
method (22); 10 gm. samples. 

3. Milk sugar; Fehling process with the O’Sullivan-Defren gravimetric 
method (23); 25 ce. samples. 

t. Feces; Strasburger method (24); 4 gm. samples. 


D. Nitrogen. 


1. Cooked cereal; Gunning-Arnold-Dyer modification (25) of the Kjel- 
dahl method; 8 gm. samples. 

2. Casein; modified Kjeldahl method (25); 0.35 gm 

3. Milk; ™ e ” c 


5 
4. Feces; - ” = 2 ” 


gm. 


samples. 


“ 


Butter fat present in the cooked cereal and in the starch pud- 
ding was removed by repeated washings with ether before car- 
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TABLE II. 


Dietaries for the Periods. 





Weight. 
Carbohydrate. 
Fuel value 





gm. 





Lower cereal, | Cooked cereal... ./150. 5.5 | 115.9 
diet, 5days.} Milk.. ..........]128.8] 5.§ 8.6 96.4 
Sucrose. 2.0) 32. 0.0 
Butter fat. 8.5 | 18.5 0.0 
| eee 340.0 

















Total per meal. ; a | 552.3 | 


Daily averages. . berry) aie hi 58 6" 121. 4° 1,639 6" 8.7*| 2,000* 








| | 
Higher cereal | Cooked cereal... .|300 0 33.0 | 29 0 | 231.8 

diet, 5days.) Milk 123.4, 5.7 | 9.0} 103.8 
| Sucrose... 32.0) 32.0} 00) 6.0 
| Butter fat......./ 3.0) 0.0] 3.0] 0.0 


| 
| 
| Water 230.0 | 230.0 








Total per meal | 70.7 | 41.0 | 565.6 | 
Daily averages. ; 212.1 123 0 1 696.8 ‘10 4 | 2, 250 


1 
4 
1 


Lower starch Starch pudding. .|100. 10.0, 16.7 | 11-3 
diet, 2days.| Butter fat | 13.0) 0.0) 13 


| 
Sucrose.... 70 0 70.0) O 
490 0) 








Total per meal ; 
Daily averages. meee t (208 .5*| 55.£ 114.0*| 0.0 | 1,350* 


ig Fabia vete . 
SST Ret NRE arate —repmaed 





Higher starch) Starch esliiniis ‘200 of 33.5 | 22.4| 144 
diet, 2days.| Butter fat. | 1 0) 0 1.0 0 | 


| | 
aa... | 70.0) 70 0 0 | 


| Water eee MOO 0 





ee: a | 
Total per meal. Ss | 1103.5 | 23.4 
Daily averages... reves eee ee| (310.5 | 70.2 











* Allowances have been made for failure to ingest a part of the meals, as 
mentioned. 
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TABLE III. 
Fecal Analysis and per Cent of Digestibility of Carbohydrate. 





| 
Carbohydrate Percentage 


Fecal analysis. intake. digestibility. 





Dry matter. 
hydrate. 
hydrate. 
hydrate. 


Weight. 
| One carbo- 


| 


Total carbo- 
One _ carbo- 








sc 
3 

Ss 

3 


Lower cereal, 5 days. 84.1 
106.6 
80.8 


79.2 





350.7 ‘ ' 
70. 5. ; 158.6} 48.2t| 99.3 | 97.7t 
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| 
| 
} 
} 
| 
| 
} 
| 
} 
| 








Daily average.............| 55.5 , : | 99 OF 





Lower starch, 2 days. 





Daily average... 34.§ ¢ 5} 33.5f| 99.8 | 





Higher starch, 2 days. 




















Daily average ; : 310.4 100.4, 99.6 98 6t 








* Stools of 2 days were analyzed together. 

+ Cereal carbohydrate (assuming sucrose and lactose to be 100 per cent 
digestible). 

t Starch (assuming sucrose and lactose to be 100 per cent digestible). 


bohydrate determinations were made. As might be expected from 
the composition of wheat (2, 3), only traces of reducing sugar 
were found in the cooked cereal. Fecal analyses were made upon 
moist samples, to reduce error (21, 24). Instead of using dry 
feces with 2 per cent HCl as directed for the carbohydrate de- 
termination, moist samples were used with 2.2 per cent HCl to 
allow for moisture present. 
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In Table III are tabulated the results of fecal analyses and the 
coefficients of digestibility. Throughout the study with the ex- 
ception of 1 day following the lower starch diet period, normal 
movement of the bowels took place daily, usually in the morn- 
ing. The fact that little agar-agar was taken with the last two 
experimental diets accounts for the slightly reduced amount of 
dry matter in the feces of these periods. Microscopical exami- 
nation failed to show the presence of unruptured starch grains in 
any of the stools. 

There. was no significant change in body weight throughout 
the experiment. 


CONCLUSIONS. 


In so far as conclusions may be drawn from one experiment, 
upon one individual, with one cereal, the data secured seem to 
justify the following conclusions. 

1. The utilization of total carbohydrates of a diet consisting 
largely of cereal is above 99 per cent. 

2. The carbohydrate is as completely utilized with one quan- 
tity as another of cereal in the diet, even when the cereal is 
taken in larger amounts than are found in the average dietary. 

3. Assuming that sucrose and lactose are completely digested 
and absorbed, the utilization of the cereal carbohydrate is still 
high (97.7 to 99.0 per cent). 

4. Assuming that sucrose is completely utilized, the starch of the 
starch diets is utilized to the extent of over 98 per cent. 

5. Monotony and unpalatability of diet have little or no effect 
upon the ultimate utilization. 


The authors wish to thank Miss Hortense Wind for assistance 
rendered in connection with some of the analytical work involved 
in this study, and Professor John H. Buchanan for advice and 
supervision of the work during the absence of one of us. 
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METHODS FOR APPROXIMATING THE RELATIVE 
TOXICITY OF COTTONSEED PRODUCTS. 


By FRANK E. CARRUTH. 


(From the Laboratory of the North Carolina Agricultural Experiment Station, 
West Raleigh.) 


(Received for publication, August 11, 1917.) 


During investigations of the cause of cottonseed meal poisoning 
or cottonseed meal “injury” at the North Carolina Experiment 
Station it was shown! that in general the relative toxicity of cot- 
tonseed meals varied with the extent to which the raw cottonseed 
kernels are cooked in the oil mill. 

The raw kernels are highly toxic to animals, owing to the fact 
that they contain about 0.6 per cent gossypol, a phenolic plant 
pigment, which has been shown by Withers and Carruth? to pos- 
sess markedly toxic properties. On cooking with moist heat as 
in the hot pressing processes preparatory to expressing the oil, 
the glands containing gossypo! are disintegrated and the gossypol 
is spread over the surface of the seed tissue, and apparently under- 
goes a change which is assumed to be a partial oxidation of the 
gossypol molecule. The change takes place under suitable con- 
ditions very quickly so that some meals which have been cooked 
only 20 to 30 minutes are not markedly toxic for rats. 

This cooking process causes the ether-soluble and ojl-soluble 
gossypol to be changed to a substance which in the meal is no 
longer ether- and oil-soluble, possibly because it is in some way 
chemically combined with some constituent of the meal (protein). 

Its presence in considerable amounts may be demonstrated in 
ether-extracted cottonseed meal by treating the meal with hot 
alcoholic potash. The supernatant liquid contains the substance 
which, like gossypol, soon oxidizes with the production of a 
beautiful blue color. The substance is much less toxic than 


1 Withers and Carruth, unpublished work. See alsoOsborne, T. B., and 
Mendel, L. B., J. Biol. Chem., 1917, xxix, 289. 
2? Withers, W. A., and Carruth, F. E., J. Agric. Research, 1915, v, 261. 
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gossypol and, for convenience, we have termed this much less 
toxic and less soluble form ‘ D” gossypol. 

If the highly toxic gossypol itself is present in the meal, this 
may be extracted by ether or detected by the following micro- 
scopic method. 

1. H»SO, Test for Unchanged Gossypol.—A bit of the meal is 
sprinkled on a glass slide and touched with a drop of concen- 
trated sulfuric acid. The result is observed immediately through 
the low power of a microscope. If numerous red areas appear 
where the acid touches the more or less broken up “‘glands”’ it is 
an indication of the presence of toxic unchanged gossypol. Thor- 
oughly cooked meals, and cottonseed flour show very few and 
very small red areas. Meals cooked with insufficient moisture 
or for too short a time show the presence of relatively many red 
areas. The red color is characteristic of gossypol in strong 
sulfuric acid. 

2. Quantitative Determination of Gossypol Present in Cottonseed 
Meal,—Aniline as Precipitant.—This method, which is a measure 
of the amount of gossypol as such present in the meal, is based 
on the fact that it is easily extracted by ether, together with the 
oil. Gossypol forms a very sparingly soluble compound® with 
) aniline, which separates from the oily extract and which may be 
"i filtered out and weighed. The insoluble “‘D” gossypol is not 

extracted by ether.* 


Procedure. 


Enough cottonseed meal (preferably 200 gm. or more of cot- 
tonseed meal) is extracted 2 to 3 hours with ether so as to give 5 
to 10 gm. of oil. The meal may be simply percolated, or shaken 
with ether in a flask. The extract is evaporated to small volume 
ee and filtered. Aniline is added (about 10 per cent of the weight 

of the extract) and the mixture warmed on the water bath and 





’ This compound was first made by Dr. J. T. Dobbins in this Station. 
4 *'The presence of nearly 1 per cent of ““D’’ gossypol in well cooked 
cottonseed meal may be shown by extraction of ether-extracted meal with 
warm aniline. The aniline salt separates out on cooling the filtered sol- 
vent. Since well cooked meals rarely show the presence of gossypol as 
4 such, it is evident that this ““D’’ gossypol is responsible for the ‘‘cot- 
i tonseed meal poisoning’ of swine. Complete proof of this will soon be 
published. 


TABLE 1. 


Comparison of the H2»SO, Test for Gossypol and the Percentage of Gossypol 
with the Toxicity of the Cottonseed Product. 





Aniline 
H2SOx test method Effects on rats 
\(percentage| (gain or loss in 
of weight). 
gossy pol). 


Cottonseed product. 


of diet. 


(red areas). 


| Percentage 





r 
S 


Raw kernels. | Maximum 0.63 | Very toxic. 

| plus. 

ether- | 50 Trace. +40 to 50 per 
extracted. | cent in 30 


“ “ 


days. 
Kernels cooked 5 | 70) Maximum —28 per cent 


min. plus. in 5 days; 

fatal. 

Kernels cooked 10 Many. 2: —18 per cent 

min. in 10 days; 

fatal. 

Kernels cooked 20 | | Disappearing. No gain in 37 

min. | days. 

Kernels cooked 28 | —23 per cent 

min. in 37 days 

Kernels from _ pre- | Maximum 57 Not fed. 

heaters of cold | plus. 

pressing mill. 

Meal from same. Few small +3 per cent in 

areas. 8 days. 

Oil ~- —30 per cent 
in 14 days; 
fatal. 

Kernels cooked 2 hrs. -- No ppt. 

Meal from same. Very fewand | “ “ +8 to 12 per 

small. cent in 30 
days. 

Oil " “ : — ” Non-toxic. 

Hot pressed meal | Many. 0.074 | —13 per cent 

“T" (dry condi- in 14 days. 

tions). 

Laboratory cold | — | Maximum. Toxic.* 

pressed meal.* 

Oil from same. | = — — Non-toxic.* 

Actually cold pressed Very many. 0.49 | Not fed. 

meal from hydrau- 

lic oil mill press. | 

Oil from same. | — — | No ppt. 

* This product was a sample secured from Dr. Osborne. The effects of 
feeding this product and the cold pressed oil are described by him.' It 
is interesting to note how the results secured by simple pressure differ 
from the grinding pressure of the screw press of a commercial ‘‘cold press- 
ing’ mill (compare Nos. 7, 8, and 9 of this table with Nos. 14 to 17 
inclusive). 
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then set aside to stand. The more gossypol there is present, the 
quicker will be the appearance of a yellow microcrystalline pre- 
cipitate of the aniline-gossypol compound. This substance ap- 
pears to be the dianiline salt of gossypol,—C3o0H2s09.2CsHsN Hg, 
and the factor 0.74 is used to convert the weight of the precipi- 
tate to weight of gossypol. If after several days’ standing no 
precipitate appears, as has often been the case, it may be as- 
sumed there is little or no gossypol present as such in the meal. 
The more toxic meals give a precipitate of the aniline-gossypol 
compound which is filtered out in a tared Gooch crucible, washed 
with a mixture of ether and petroleum ether (about 1: 2), and then 
washed clean with petroleum ether, dried at 100°C., and weighed. 

The aniline-gossypol compound is not completely insoluble in 
an oily mixture but it has been found possible to recover more 
than 90 per cent of 0.5 gm. of gossypol dissolved in 50 cc. of 
purified cottonseed oil by this method. 

The relation between some observations and determinations, 
and the toxicity of some cottonseed products is summarized in 
the table. 

Attention is called to the fact that the commercial cold pressed 
meal is not apt to be more toxic than the hot pressed meal. The 
reason for this appears on examination of the ‘‘cold pressed”’ oil 
which was found to contain about three-fourths of the total gossy- 
pol of the seed. While hot pressing processes vastly reduce the 
toxicity of the cottonseed by causing a chemical change, the so 
called cold pressing process causes a similar reduction by squeez- 
ing most of the toxic gossypol into the oil. ‘(The gossypol is of 
course entirely removed in the refining process.) Most samples 
of hot pressed oil fail to show more than a trace of gossypol, 
confirming the observation made previously; namely, that prac- 
tically all the partially oxidized product remains in the hot 
pressed meal. 


The author acknowledges the courtesy shown him by the 
managers of the oil mills in North Carolina, from which most of 
the above samples were obtained. 

Several of the analyses in, the table were made by Dr. L. F. 
Williams and Dr. John Dobbins of the North Carolina State 
College of Agriculture, whom the author desires to thank. 

















THE NUTRITIVE VALUE OF THE SOY BEAN. 


By AMY L, DANIELS anp NELL B. NICHOLS. 


(From the Department of Home Economics, University of Wisconsin, 
Madison.) 


(Received for publication, August 17, 1917.) 


A consideration of the chemical composition of the soy bean! 
(glycine hispida) suggests that it may be a food of considerable 
value in the human dietary. It averages a high percentage of 
protein (36.5 per cent) and fat (17.5 per cent) as well as consid- 
erable inorganic material (5.3 per cent). Its digestible carbo- 
hydrate (12 per cent) is lower than that of many of the leguminous 
seeds, and is largely in the form of sucrose rather than starch.? 
At the present time, however, chemical analysis cannot be con- 
sidered an adequate method of determining the nutritive efficiency 
of a given food. By such means investigators are able to find 
out the nature and relative amounts of the chemically familiar 
foodstuffs, fat, carbohydrates, protein, and inorganic material; 
but since the optimum amounts of the various amino-acids for 
physiologic well-being have not yet been determined, nor the 
chemical nature of the food accessories ascertained, in addition to 
chemical determinations biologic tests must be made. 

In a preliminary investigation rats fed the yellow soy bean 
(Ito San) failed to grow; therefore such additions were made as 
would lead to a knowledge of the food value of this legume. In 
all cases the beans were cooked in water until tender (from 30 to 
40 minutes) under 15 pounds’ pressure. When starch was used 
in the ration, this was incorporated with the other materials, and 
boiled from 3 to 5 minutes. 


1Henry, W. A., and Morrison, F. B., Feeds and Feeding, Madison, 
1915, 656. =, 

2 Pott, E., Handbuch der tierischen Ernihrung und der landwirtschaft- 
lichen Futtermittel, Berlin, 1907, ii, 540. 
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The influence of the addition of a suitable inorganic mixture 
to the soy bean ration is shown by those animals (Chart 1) which 
when partly grown were fed cooked soy beans for periods of 7 
to 13 weeks respectively. During this time the weight remained 
almost stationary and the females failed to reproduce. When 
these animals were placed on a ration consisting of soy beans* 
60, lard 16, cornstarch 18.7, and a salt mixture 6.3 per cent, 
which made the inorganic portion of the ration comparable to 
that of milk, they gained in weight and within 5 and 6 weeks the 
females reproduced. In two instances second pregnancies fol- 
lowed at short intervals. The young were successfully suckled 
in all cases. These results are in accord with work of MeCollum,‘ 
who has found that the principal cause for the failure of rats to 
grow on diets made up of seeds consists in the amount and char- 
acter of the inorganic complex of the diet. The addition of those 
elements, especially calcium, chlorine, and sodium, in which the 
soy bean is low,® made ‘them a more nearly perfect food. 

But the fact that adult animals on the soy bean inorganic mix- 
ture were under sized, while the young were not only smaller at 
birth (3 gm.) but the litters were in all cases smaller, consisting 
of two and three each, points to the conclusion that the soy bean 
is somewhat lacking in other respects. Furthermore, when these 
young (Chart IT) were placed on the diet of the adults, they passed 
through a period, lasting from 4 to 5 weeks, in which there was 
little gain in weight. The mortality of these animals during this 
period was high and all of the second litters succumbed. None 
of the second generation of rats upon this ration has reproduced; 
indeed, at the end of the fourth month if not before, the young 
animals, with one exception, have died, unless the fat-soluble 
food accessory was added to the diet. Even then in some in- 
stances the addition of butter fat failed to prevent nutritive dis- 


* There is considerable variation in the protein content of soy beans, 
depending upon conditions of soil and climate. Determinations of the 
protein content of the Jio San, made in the Department of Agronomy, 
University of Wisconsin, show a seasonable variation between 30 and 45 
per cent in the same strain. The beans used in this investigation contained 
31.2 per cent of protein (N X 6.25). 

4 McCollum, E. V., J. Am. Med. Assn., 1917, Ixviii, 1379. 

5 Forbes, E. B., Ohio Agric. Exp. Station Bull. 207, 1909. 
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aster. When, however, young rats were placed on a diet con- 
sisting of the same amount of soy beans, a suitable inorganic 
mixture, lard, cornstarch, and butter fat (Chart V) they too passed 
through a period when growth was somewhat below normal, but 
none succumbed during this time, and the unusual performance 
of the animals following this period of retarded growth suggests 
that the failure of the young animals on the soy bean mineral 
mixture was due to an insufficient amount of the fat-soluble 
food accessory. The animals whose growth curves are given in 
Chart V are the second generation on the soy bean, mineral, and 
butter fat modification. In all cases on this diet the litters have 
been large, from seven to nine each, and the young have been 
normal in size, weighing from 5 to 6 gm. at birth. 

The period of retarded growth of the animals fed the soy bean 
rations immediately following the suckling period is undoubtedly 
due to the difficulty young animals experience in digesting a food 
containing such a large amount of indigestible but fermentable 
carbohydrate. Rats fed both peas and white beans pass through 
a similar period.6 Apparently those animals receiving a diet 
which is physiologically fit in other respects are better able to 
survive this period of indisposition. 

It has been pointed out by McCollum’ that -certain cereal 
seeds, especially wheat, oats, and maize, are conspicuously low 
in the fat-soluble food accessory, while the flax and the millet 
seed contain comparatively large amounts of it. Although in 
our studies we have made no attempt to determine the compara- 
tive amount of the fat-soluble material in the soy bean, it is 
obvious that a food which makes possible the production, and 
rearing of two litters of young through the suckling period when 
only 60 per cent is used must contain a fairly large amount of 
this essential food accessory... The performance of rats (Chart 
IV) which were given no fat-soluble A other than that supplied 
by 50 per cent of the soy beans further emphasizes the fact that 
the soy bean contains a considerable quantity of this material. 
These animals, born of parents having a liberal supply of the fat- 
soluble A, have grown normally, and the female has reproduced 

* McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1917, 
xxix, 521. 

7 McCollum, Simmonds, and Pitz’ J. Biol. Chem., 1917, xxx, 13. 





































94 Nutritive Value of Soy Bean 


at an early age on the diet in which the only source of fat-soluble 
A has been the 50 per cent of soy bean. 

In connection with another investigation, it happened that at 
the same time that these animals were placed on the soy bean 
ration, four other animals of the same litter were placed on a 
diet of purified food substances, otherwise adequate but freed in 
so far as possible from fat-soluble A* (Chart VI, Rats 35, 36, 37, 
and 38). The difference in the growth of these two groups of 
animals, those receiving no fat-soluble A and those receiving a 
diet containing 50 per cent of soy beans to which no butter fat 
was added, leaves little doubt that the soy bean contains a fairly 
liberal amount of the fat-soluble food accessory. Three of the 
animals on the purified ration grew at about half the normal 
weight for a period of 4 weeks, then lost weight more or less rap- 
idly. The addition of butter fat was followed by a rapid gain in 
weight. The animals on the soy bean ration grew at very nearly 
the normal rate. In this connection it is interesting to note that 
McCollum found that the extracted oil of the soy bean was quite 
free from this material.® 

. The question of the possible storage of the fat-soluble food ac- 
cessory has attracted considerable attention, as well as the rela- 
tive amounts needed for different periods of the life cycle. From 
our present study it seems probable that not only can the ani- 
mal store the fat-soluble material, but that the young need con- 
siderably more of it than adults. A diet which was apparently 
adequate for maintenance and even reproduction in the adult 
was found to contain too small an amount of the fat-soluble food 
accessory for the development of the young of mothers fed a 
limited supply of this material. The addition of butter fat 
made the ration more nearly perfect for these growing animals 
(Chart II). Young animals (Chart IV) produced and suckled by 








* The diet consisted of 28 per cent purified casein, 27 lard, 32 corn- 
starch, 5 agar, 8 per cent mineral salts comparable to those in milk, and 
water-soluble extract from wheat embryo. The casein was prepared by 
acidifying skimmed milk with acetic acid, filtering the precipitate, and 
washing for 24 hours in running water. The washed casein was then re- 
dissolved in dilute sodium hydroxide, again precipitated with acetic acid, 
and washed 48 hours in running water. 

*McCollum, Simmonds, and Pitz,*Am. J. Physiol., 1916, xli, 61. 
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mothers having a liberal supply of the fat-soluble food accessory 
appear to be able to withstand a shortage of this material during 
their most rapidly growing period much better than those 
animals whose mothers received considerably less. The plaus- 
ible explanation for this marked difference in the behavior of 
these two groups seems to be that in the one case the young had 
been furnished a liberal supply during the gestation and suckling 
period, which was stored, and therefore a food carrying some- 
what less than the optimum amount supplied enough for their 
needs over a considerable period, whereas those young which 
were given the minimum amount during infancy were unable to 
survive on a similar ration. , 

The value of the protein of the soy bean has been demon- 
strated in all of our experiments. That animals fed rations con- 
taining 15.6 and 18.7 per cent of protein obtained solely from the 
soy bean have grown normally and in the latter case have pro- 
duced successive litters of young, which in turn have reproduced, 
is sufficient evidence that the protein of the soy bean fulfills all 
physiologic requirements. The protein of the soy bean appears 
to be quite as valuable as the casein of milk. These findings are 
somewhat surprising in view of the fact that the protein of other 
legumens, namely, peas and white beans, has been found want- 
ing.*;® Our results, however, are comparable to those of Os- 
borne and Mendel,*® who report successful growth with rats on 
rations in which glycinin, the principal protein of the soy bean, 
was used. 

Within the last few years investigators have conducted numer- 
ous feeding experiments showing that when the water-soluble 
accessory material is lacking in a dietary, there is no growth, and 
abnormal physiologic conditions such as beri-beri and _poly- 
neuritis occur.’ Since none of the rats in this investigation has 
presented any of these symptoms, it is logical to conclude that the 
soy beans, the only possible source of water-soluble B in these 
rations, contain a considerable amount of this material. Even 
when soy beans formed as low as 50 per cent of the ration, there 
was sufficient supplied for the animals under investigation. 

10 Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington, 


Publication 146, 1911, ii, 121. 
1 McCollum, E. V., and Kennedy, C., J. Biol. Chem., 1916, xxiv, 491. 
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An economic consideration of the yellow soy bean leads to the 
conclusion that it is one of the most valuable of the leguminous 
seeds. It contains a high percentage of a physiologically good 
protein, a considerable amount of energy-yielding material in the 
form of fat and carbohydrate, and a fairly liberal supply of the 
fat-soluble food accessory, as well as of the water-soluble growth 
determinant. 

In order to make the soy bean a more nearly complete food, 
suitable inorganic material, consisting ‘principally of sodium 
chloride and calcium compounds, needs to be added. In Japan 
and China this bean has been used extensively as human food 
for many years. In America, however, it has only recently been 
introduced into the human dietary, although it has been incor- 
porated in rations for farm animals in certain sections of the 
country. 
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Cuartl. Curves of growth of rats fed cooked soy beans. The change 
to Ration I (indicated by <), containing soy beans, and a suitable mineral 
mixture, was followed by an increase in weight and reproduction. 


Ration I. Minerals per 100 Gm. of Mixture. 
gm. 
Soy beans........ 60 Necl...... .. 0.838 
Se 16 K,HPO,..... Mrs 2.26 
Cornstarch....... 17.7 CaSO,.H,20.... ... 0.015 
Minerals..... 63 a « OT 
Ca lactate... 2.39 
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Cuart IT. Immediately following the suckling period the animals 
were fed Ration I. The mothers of these animals were similarly fed 
during the gestation and suckling period. The change to Ration II (indi- 
cated by X), which included 5 per cent butter fat, produced marked im- 
provement in many cases. The removal of the butter fat (indicated by 
the second X on the curve) was followed by loss in weight and death in all 
but one case. 





Ration II. 
a 


Butter fat. 
a ee 
Minerals as in Ration I.... . 
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Cuart III. The rats in this group were fed cooked soy beans. The 
change to Ration II (indicated by X), which included a suitable salt mix- 
ture and 5 per cent butter fat, was followed by marked improvement and 
reproduction. The young were unusually large animals, and the litters 
were also large, consisting of eight and nine each. The young animals 
have passed through the period of retarded growth which is usual on a 
bean ration. 
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Cuart TV. Curves of growth of rats fed Ration III, which ineluded 


during the gestation and suckling period. 


Soy beans....... ice seen NaCl - 

; Ree we K.HPO,... 
Cornstarch : oat ae CaS0O,.H,0.... 
Minerals 5 OF aha a ast i: 


Ca lactate.. 
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no butter fat. The diet furnished 15.6 per cent of protein. 
were the young of animals which received an abundance of fat-soluble A 


These rats 


Ration IIT. Minerals per 100 Gm. of Mixture. 


gm. 


. 0.921 


2.48 
0.016 


. 0.957 


2.629 
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Cuart V. Curves of growth of rats fed Ration II, consisting of soy 
beans, a suitable mineral mixture, and butter fat. This ration furnished 
18.7 per cent of protein. 
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Cuart VI. Immediately following the suckling period the young were 
placed on a diet (Ration IV) of purified foodstuffs in which the fat-soluble 
factor was lacking. The mineral content of the diet was similar to that 
of milk. The addition of butter fat (indicated by X) produced a marked 
improvement in the young. During Period II the adult animal received 
the purified ration. 


Ration IV. 
Casein.. .. 
eee 
Cornstarch 
Minerals as in milk. 
eee 
Water-solubl 





ON THE INFLUENCE OF FOOD AND TEMPERATURE 
UPON THE DURATION OF LIFE. 


By JACQUES LOEB ann J. H. NORTHROP. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, September 4, 1917.) 
I. Introductory Remarks. 


In order to find out the nature of the causes which determine 
the natural duration of life of metazoa a quantitative method is 
required, which permits us to represent the duration of life as the 
numerical function of one variable. Starting from the idea that 
chemical conditions in the organism are one of the main variables 
in this case, one of us raised the question whether there was a 
definite temperature coefficient for the duration of life and whether 
this temperature coefficient was of the order of magnitude of that 
of a chemical reaction.! The first experiments were made on the 
unfertilized and fertilized eggs of the sea urchin and could only be 
carried out at the upper temperature limits of the organism, 
since at ordinary temperatures this organism lives for years. In 
the upper temperature region the temperature coefficient for the 
duration of life was very high, probably on account of the fact 
that at this upper zone of temperature death is determined by a 
change of the nature of a coagulation or some other destructive 
process. Moore,? at the suggestion of Loeb, investigated the tem- 
perature coefficient for the duration of life for the hydranth of a 
tubularian at the upper temperature limit and found that it was 
of the same order of magnitude as that previously found for the 
sea urchin egg. In order to prove that there is a temperature co- 
efficient for the duration of life throughout the whole scale of 
temperatures at which an organism can live experiments were 
required on a form whose duration of life was short enough to 


1 Loeb, J., Arch. ges. Physiol., 1908, exxiv, 411. 
2? Moore, A. R., Arch. Entwcklngsmechn. Organ., 1910, xxix, 287. 
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measure the duration of life even at the lowest temperatures. 
Organisms especially fit for this purpose are insects. 

We selected for this purpose the fruit fly (Drosophila) which 
can easily be raised in large numbers on a suitable culture medium 
in Erlenmeyer flasks. Since Metchnikoff pointed out that the 
poisons produced by bacteria in the intestine may shorten the 
duration of life it was necessary to work with flies whose whole 
body (the intestine included) was entirely free from microorgan- 
isms. We succeeded in producing such cultures of flies free from 
all microorganisms with the aid of a combination of methods in- 
troduced by Bogdanow’® and by Delcourt and Guyénot.t Such 
flies will be designated as ‘‘aseptic.’”’ We have already pub- 
lished a preliminary report on some of our experiments® and in- 
tend to give in this paper the full results of our investigations. 

The results published on aseptic flies, 7.e., flies free from micro- 
organisms, in the preliminary paper, were as follows. 

1. With a supply of proper and adequate food the duration of 
the larval stage is an unequivocal function of the temperature at 
which the larve are raised, and the temperature coefficient is of 
the order of magnitude of that of a chemical reaction, 7.e., about 2 
or more for a difference of 10°C. It increases at the lower and 
is less at the higher temperatures. 

2. The duration of the pupal stage of the fly is also an unequiv- 
ocal function of the temperature and the temperature coefficient 
is for each temperature practically identical with that for the 
larval stage. 

3. The duration of life of the imago is, with proper food, also 
an unequivocal function of the temperature and the temperature 
coefficient for the duration of life is within the normal tempera- 
ture limits approximately identical with that for the duration of 
the life of the larva and pupa. 

From this approximate identity of the temperature coefficients 
for the three stages of the life of the fly we drew the conclusion 
that the limiting factor for the duration of each of the three 


3 Bogdanow, A. E., Arch. Physiol., 1908, Suppl., 173. 
4 Delcourt, A., and Guyénot, E., Bull. Sc. France et Belg., 1911, xlv, 249. 

Guyénot, Recherches expérimentales sur la vie aseptique et le développe- 

ment d’un organisme en fonction du milieu, Thése de Paris, 1917. 

5 Loeb, J., and Northrop, J. H., Proc. Nat. Acad. Sc., 1917, iii, 382. 
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stages is a process affected in the same way by the temperature. 
If it be true that this terminating factor for the larval or pupal 
stage is the production of a certain type of substance in sufficient 
quantity (as suggested by the influence of thyroid substance on 
the termination of the tadpole stage in the frog) or the removal 
of an inhibiting substance, it follows that a similar cause may be 
likely to exist for the termination of the last stage in life or for 
the duration of life. 

In this paper we will discuss more fully the influence of the two 
main factors determining the duration of life, namely, food supply 
and temperature. 


IT. Influence of Different Kinds of Food on the Duration of Life of 
the Imago. 


In some insects the imago takes up no food (as, e.g., in the silk 
worm) but the duration of the life of the imago of the fruit fly 
depends on the nature of the food, though in an altogether differ- 
ent way from that of the larva. The growth of the insect takes 
place in the larval stage while neither the pupa nor the imago 
grows. It was found that while the larve cannot grow on “glu- 
cose-agar’’® unless yeast is added, the imago can live as well on 
“glucose-agar” alone as when yeast is added. This difference 
need not surprise us since the larva needs food containing all 
the building stones required for the synthesis of the compounds 
of its body while the imago, which does not grow, can live on 
food which is lacking in certain (“accessory’’?) substances found 
in the yeast, presumably because such accessory substances are no 
longer needed in the fully grown organism or are needed in such 
small quantities that they can be supplied by the hydrolytic proc- 
esses going on in its own cells. 

Larve were raised on yeast at room temperature and the newly 
hatched flies were then put immediately after hatching upon dif- 


6 “‘Glucose-agar,’’ which proved an excellent culture medium for the flies 
in our experiments, had the following usual composition. 1 pound of beef 
was freed from fat, put into 1 liter of water, and placed in the refrigerator 
over night; boiled 30 minutes, filtered, 20 gm. of agar were added, and 
boiled till dissolved; 10 gm. of peptone added and boiled 20 minutes; neu- 
tralized to phenolphthalein, boiled 7 minutes, cooled to 60°; 2 eggs added, 
filtered, 20 gm. of glucose added. 











106 Food, Temperature, and Duration of Life 


ferent culture media and the duration of life was noticed. All 
experiments were made with aseptic flies under aseptic conditions 
in thermostats at 25° and 30° respectively. 

It was found (Table I) that on agar alone or on agar with the 
necessary salts the imagos lived less than 2 days at 25° while if 
dextrose and salts were added to the agar they lived over 8 days 
at 25°, and on “glucose-agar” they lived 28.5 days at the same 
temperature. As the experiment for 30° shows, they lived as 
long on “‘glucose-agar’’ alone as when yeast was added. 


TABLE I. 
Effect of Food on Duration of Life of the Imago (Both Sexes). 





“‘Glucose-agar.”’ 
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days. | 2.08 | 21.95 | 8.25 28.5 13.7 | 13.1 
TABLE II. 
Effect of Sex (30°, ‘‘Glucose-Agar’’ Food). 
Sex. a” 2? ad ee 








Duration of life, days...... : ' 13.1 | 15.7 13.3 





In these experiments both sexes were used. It was found that 
the isolated males lived a little longer than the isolated females 
or the males when mixed with females (Table I]). ‘‘Glucose- 
agar’ served as food. 


III. Influence of Temperature on the Duration of the Larval Period. 


For these experiments the aseptic cultures were kept in water- 
jacketed incubators regulated to within +0.1°C., and containing 
water so that the humidity was always about 100 per cent. The 
cultures of aseptic larve were made in 120 cc. Erlenmeyer flasks 
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containing 10 gm. of yeast, 15 ec. of water, and absorbent cotton. 
Slight variations in the amount of water, cotton, etc., do not 
affect the rate of growth. The flasks were sterilized in the auto- 
clave for 30 minutes. Aseptic flies of both sexes were put in and 
allowed to remain 15 hours at room temperature, during which 
time a number of eggs were laid. The flies were then removed 
by the aseptic method devised by Delcourt and Guyénot and the 
flasks with the eggs put into an incubator. The larve hatch in 
a few hours after the eggs are laid, and at the time the flies were 
removed from the flask most of the larve had already hatched. 
The duration of the life of the larve was reckoned from the time 
the eggs were placed in the incubator to the time the pup:e were 
formed. Six to ten cultures were made for each temperature. 
The figures in Table III are the sums of the number of pupxe 
forming in the separate flasks on the day noted. In computing 
the averages for the time required to reach the pupal stage the 
middle of the interval at which the pupz were formed was used; 
z.e., if 48 pup formed between the 4th and 5th day they were 
all considered to have taken 4.5 days to form. 

We could not well use temperatures lower than 10° since the 
pup did not hatch at that temperature and it was obvious that 
the growth of the larva was no longer normal. ‘Temperatures 
above 27.5° no longer accelerated growth. 

If we compute from these values the temperature coefficient Qio 
for the larval period (Table IV, Qio) we find that it is of the order 
of magnitude of that of a chemical reaction, namely, 2 or more for 
a difference of 10°C. The temperature coefficients show, how- 
ever, the irregularities characteristic of all the temperature coef- 
ficients for life phenomena, namely, increasing at the lower limit 
and diminishing at the higher limit. This peculiarity appears also 
in ordinary chemical reactions, but to a much less degree; but 
it appears more approximately to the same extent as in life phe- 
nomena in chemical reactions catalyzed by enzymes. It seems 
more natural to assume, as has been done by Arrhenius and 
others, that these deviations in the temperature coefficients are 
due to secondary effects of the temperature (e¢.g., upon viscosity 
or the state of aggregation of catalyzer or the injury to the cata- 
lyzer or some other variable) than to conclude that the tempera- 
ture coefficient does not indicate a chemical (enzyme) reaction. 
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It is well known that at the upper temperature limits the tem- 
perature coefficient of enzyme reactions falls off again when the 


TABLE III. 


Influence of Temperature on Duration of Larval Period of Drosophila. 





Days elapsed after 


hatching of egg. Number of pup formed at 
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| = pg ee 
39-48 43.5 | 5 | | | | | 
49-58 53.5 | 20 | | | | | 
59-68 63.5 13 | | | | 
69-78 | 73.5 3 | | | | | | | 
Total number of | | 
pupe ...... | 41 | 62 | 196] 304] 51 | 273| 228) 702 
| | | | j 
Average duration | | 
of larval period | 
indays (from egg | | 
to pupation)......| 57.0 | 17.8 | 7.77 | 5.82 | 4.76 | 4.15 | 4.12 | 4.92 











* Flies used were of the 20th to 22nd aseptic generation. 
** Flies used were of the 29th to 3lst aseptic generation. 


temperature rises beyond a certain point. We were interested to 
know whether the same was true for the duration of the larval 
stage of the fruit fly, and found this to be the case (Table IV, 
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flies of the 30th to 32nd aseptic generation). On account of this 

probably secondary effect of the temperature the curve for the rate 
, ; i 

of larval development (the reciprocal value of the duration —) 

ime 

becomes from 10 to 30° (Fig. 1) almost a straight line; and from 


TABLE IV. 


Effect of Temperature on Rate of Growth of Aseptic Larve (Fed on Yeast). 




















= Days required to 100 
Temperature. | reach the pupal Rate ) | Quo 
| stage. time 
eee j } winmuneintioes * 
| Flies of the 20th to 22nd | 
aseptic generation. 
°C, 2 | 
ad | 
10 57 (pup do not 1.79 ) 
emerge). ; 10.0 
15 17.8 5.62 
| \ 4.0 
- } ) 
20 7 12.85 \ 
| > 1.78 
25 5.82 17.2 ‘ 
> 1.99 
30 4.12 24.25 
| Flies of the 30th to 32nd} 
| aseptic generation | 
| rae. NE SS SNS | 
| 
| dt hd 
25 | 4.76 | 21.0 ) 
| | | ? 1.74 
| 
27.5 | 4.15 24.1 | 4 
| | | f —1.58 
31.5 
| 


| 4.92 20.3 





25 to 31.5° (Fig. 2) a curve concave on the lower side similar to 
that found for many simple enzyme reactions. 

We noticed that the duration of the larval stage for the 20th 
to 22nd generation of aseptic flies was slightly longer than for 
the 30th aseptic generation and this was true for all tempera- 
tures and for all the stages. We cannot account for this differ- 
ence at present. 
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IV. Influence of Temperature on the Duration of the Pupal Stage. 


Table V contains the data for determining the influence of 
temperature on the duration of the pupal stage. The stage ter- 
minates with the emergence of the imago from the cocoon. If we 
determine the time from the laying of the eggs to the emergence 


TABLE V. 
Egg-Imago and Pupal Period, 





“ | Number of imagos which emerge : 
Number of days after larve emerge | 


from egg. 
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Total number of imagos. ... 





Number of days egg-imago. . | 
Number of ‘days egg-pupe | 
(Table IITI)....... 





Duration of pupa stage 














*20th to 22nd generation. 
** 30th to 32nd generation. 
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of the imago, and deduct from this the time from egg to beginning 
of pupation (Table III), we get the influence of temperature on the 
duration of the pupal stage. The temperature coefficient and 
the rate of development for the different temperatures are given 
in Table VI. In Fig. 3 the rate curve is plotted which is again 
between 15 and 30° approximately a straight line. 


TABLE VI. 


Temperature and Rate of Development of Pupe. 20th to 22nd Aseptic 
Generation. 





100 | 
Temperature. Days as pup. Rate a) | Quo 
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9 - 


20.4 








3.43 29.15 
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V. Influence of Temperature on the Duration of Life of the Imago. 


Aseptic larve were raised at room temperature (18-20°) on 
yeast and the flies were removed aseptically from the culture 
flasks within 15 hours of the time they emerged. They were 

TABLE VII. 
Duration of Life of Imago on “ Glucose-Agar.”’ 





) I ee 


10° 15° 20° | 25° | 30° 





ae No. of a | No. of | J No. of _. | No. of | | No. = 
Days. dead. Days. | dead. Days. | dead. Days. | dead. | Days. | dead. 





17. 
24 
31. 
52 
59. 
66. 
73. 
80. 
87. 
94. 
101. 
108. 
115. 
122. 
129. 
136. 
143. 
150. 
157. 
164. 


14. 
24. 
34. 
44. 
54. 


12.{ 6 
22.5 | 30 


3 31 
8 | 54 
; 13 | 66 
2.5] 14 18 | 
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| | 
Total . num- | | 

ber of flies.. : 49 | | 
Average du- 

ration of | 

life, days...| 120.5 92.4 40.2 | 























placed into sterile 500 cc. Erlenmeyer flasks containing 25 ce. 
“‘glucose-agar.’’ This food is, as stated, perfectly adequate for 
the flies but is inadequate for the larve which cannot develop on 
it into flies. This was an important point in the method of our 
experiments. In order to determine the duration of the life of 
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the imago for a given temperature a definite number of flies were 
put into a flask, and the number of those which died was ascer- 
tained foreach day. These flies laid eggs. If the larvee hatching 
from these eggs had been able to develop into new flies it would 
have become impossible to find out the exact death rate of the 
old flies, since constantly new flies would have been added. This 
source of error was avoided by using “glucose-agar”’ as a culture 
medium for the old flies on which the eggs laid by the flies during 


TABLE VIII. 
Duration of Life of Imago on “* Glucose-Agar.’ 


, 





























27.5° 31.5° 55.3" | 35° 37.4° 
| No. of | No. of No. of | No. of | Min- | No 
Days dead. Days dead. Days. dead. | Days. | dead. | utes. | dead 
| | | |per 100. 
2 10 3 | 21 15/48 |0.5 | 61 10 | 9 
4 13 5 | 22 2.5 | 40 | 1.16 | 27 30 | 37 
6 4 7 | 43 3.5) 17 | 1.66 | 27 50 | 25 
8 10 9 | 40 4.51 9 | 2.16] 2 70 | 26 
10 14 1 | 7 5.5) 1 | | w | 4 
12 9 
14 15 | | | 
16 28 
18 6 | | 
20 1 | | | 
22 3 
24 3 | | 
Total num- | | | 
ber of flies. .|126 133 | 15 | 117 101 
Average du- | | 
ration of | 
life, days 11.1 | | 6.87 2.41) 0.95 0.032 








the experiment could not reach the imago stage. By special tests 
(smears and cultures from dead flies) it was ascertained that all the 
cultures used in the experiments remained sterile to the end of the 
experiment. The flasks containing the flies were plugged with 
cotton. Sufficient food and oxygen were present since cultures 
containing 30 to 40 flies had the same average duration of life as 
those containing 10 to 15. 

Five to ten separate cultures were used at each temperature, 
each containing 5 to 20 flies. Several cultures with relatively few 
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flies in each were used since it was more convenient to count the 
number of dead flies under these conditions. The time was reck- 
oned in the same way as for the larval and pupal periods. 
Table VII gives the statistical results of the duration of life of 
the imago on ‘‘glucose-agar.”’ The flies used were of the 20th to 


RATE OF LIFE OF IMAGO 


RATE = | MALES AND FEMALES 2022 GENERATION 
TIME 

7| 

6! 

5. 

4. 

5 

2 | 

11 








TEMPERATURE 10 59 20 25° 30° 
Fig. 4. 


22nd aseptic generation. Table VIII gives the duration for the 
upper limit of temperatures, 27.5-37.4°. Both sexes were used 
indiscriminately in these experiments. In Table IX the average 
results are tabulated and the temperature coefficients for 10° are 
given. A temperature of 10° or lower is harmful for the organ- 
ism, as are temperatures above 30°. In Table LX the tempera- 
ture coefficients of the duration of life of the imago are computed 
and the reciprocal value of the duration of life—the rate at which 
an animal “gets through” with life—is calculated. If we plot 
this curve (Fig. 4) which corresponds to the rate curve of the lar- 
val and pupal stage we find that in the case of the imago it is no 
longer a straight line but more what we should expect for a chem- 
ical reaction curve. The reason that Curve 4 corresponds more 
to a chemical reaction curve than Curves 1 and 3 is that the rate 
does not decrease at the higher temperature limits. This de- 
erease is then a merely secondary phenomenon but it is responsi- 
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ble for transforming the rate curve into a straight line; all of 
which corroborates our previous statement that the straight line 
cha acter of the curve does not militate against the assumption 
that we are dealing in all three curves with a temperature coef- 
ficient of the order of that of a chemical reaction. 


TABLE IX. 


Temperature Coefficient of Duration of Life of Imagos. Males and Females 
Fed on ‘‘Glucose-Agar.”’ : 

















Tomperature. |  Pucttiongo. Rate (jimne Qu 
20th to 22nd generation. 

7. days 
10 120.5 0.83 

} 1.70 
15 92.4 1.08 

\ 5.25 
20 40.2 2.49 J 

\ 1.99 
25 28.5 3.51 d 

\ 4.4 
30 13.6 7.35 ) 

30th to 32nd generation. 

27.5 11.1 9.00 

\ 3.3 
31.5 6.87 14.55 ¢ 

\ 630 
33.1 2.41 41.50 2 

} 137 
35 0.95 105.2 

} 108 
37.5 0.032 3,125.0 














In conclusion we will give in Table X the total duration of life 
and its temperature coefficients for the temperatures at which 
the animal can complete its cycle. 


VI. The Mortality Curve. 


When we plot the number of flies which die during successive 
days in terms of percentage of the original number of flies we get 
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TABLE X. 
Total Duration of Life. 





| 
Temperature. | Total duration of life. | Rate ( 100 





time Quo 
. days | 
15 | 123.9 | 0.81 : 

| 5 5.0 
20 | 54.3 1.84 J 

| | | 3.0 
25 | 38.5 | 2.67 | 2 

| 3.0 

30 21.15 4.65 | 





that curve of the death rate usually given in life insurance sta- 
tistics, namely, a probability curve, the ascending branch of which 
is a little steeper than the descending branch. The death rate 
of a population of aseptic male flies on ‘“‘glucose-agar” at 30° is 
thus given in Fig. 5 and Table XI. 

Miss Chick’ has stated that bacteria are killed by disinfectants 
at a rate corresponding to that of a monomolecular chemical re- 
action, 7.e., that in each interval of time the same percentage of 
individuals alive at this time is killed. She was probably led 
to such an assumption by the fact that the ascending branch of 
the mortality curve in her experiments was generally very steep. 
The agencies used by her for killing the bacteria were so powerful 


TABLE XI, 


Rate of Death at 30°. Males. 











Time. No. of dead. sag Om = original number dying 
days 
3.5 5 5 4.8 
7.5 19 14 13.5 
13.0 60 41 39.4 
18 78 18 17.2 
2 93 15 14.4 
28 104 11 | 10.6 











7 Chick, H., J. Hyg., 1910, x, 237 
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that the ascending branch became almost a vertical line, thus 
escaping detection. Hence she noticed usually only the less steep 
descending branch which could be interpreted as a monomolecular 
curve for the reason that her experiments lasted only a short 
time. In Fig. 6 we give the frequency curve of deaths of a cul- 
ture of males for a very high temperature, namely, 39.45°. The 
ascending branch of the curve is steeper than that for the lower 


PER CENT RATE OF DEATH MALES 30° 
WHICH DIE 


40; 
350, 
20 


10) 








TIMEINDAYS 35 75 130 180 230 280 
Fig. 5. 


temperature in Fig. 5, but the fact that we are dealing with a 
probability curve is still very clear. Table XII gives the obser- 
vations on which this curve is based. 

The fact that the frequency curve of deaths is that of a proba- 
bility curve shows that the difference in the duration of life of 
different individuals for the same temperature is due to individual 
variation. Incidentally it may be stated that observations on the 
rate of death of Fundulus embryos under the influence of acids, 
alkalis, and potassium salts show that the mortality curve in 
these cases is also a probability curve, the descending branch of 
which is less steep than the ascending branch. This difference 
may possibly be ascribed to a slight adaptational effect of the 
destructive agency. 
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30 to 40 flies were put in test-tubes and placed in a water bath kept at 
39.45° += 0.02°, then taken out at time stated and left at room temperature 
over night. The number of live and dead males was counted after 14 
hours. 

TABLE XII. 


Rate of Death at 39.45°. Males. 





Per cent dying in 


| 
Time. No. of dead. Total per cent dead. iateneel. 
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VII. Comparison of the Temperature Coefficients for the Larval and 
Pupal Stage with That for the Duration of Life. 


The life of Drosophila is normal only within temperatures above 
10° and below 30° or roughly between 15° and 25°C. At 10° the 
larve reach the pupal stage but the animals then die without ever 
emerging from the cocoon. The imago, however, lives at 10°C. 
At 5° or less the duration of life of the imago is less than a week 
while at 15° it is 92.4 days. The fact that at 5° the duration of 
life is less than at 15°C. shows that the former temperature is 
incompatible with the life of the organism. At temperatures 
between 27.5° and 31.5°, at which temperature the coefficient for 
the rate of growth of the larve becomes negative, life is also 
no longer normal. The life of the fly is normal between 15° and 


TABLE XIII. 


Temperature Coefficients of Various Stages of Development. 





Quo for rate of 
Temperature. 





Larve. Pupe. Imagos. 





Bo 
15-20 d : 5.25 
20-25 e 2.24 1.99 








25°C., and it is, therefore, for this range that a comparison of the 
temperature coefficients for the three stages becomes permissible. 
Table XIII shows the temperature coefficients for 15-20° and 
20-25° and it is obvious that they are approximately the same 
for all three stages. 

As we have already stated in a previous paper, this proximity 
of the three values suggests a proximity of the cause limiting the 
three stages. If the limiting factor for the larval and pupal 
stages be the production or destruction of a substance (‘‘hor- 
mone’’) the same limiting factor may be suspected for the dura- 
tion of life. Experiments made by Northrop’ show that thyroid 
has no influence on metamorphosis in the fly. 


8 Northrop, J. H., J. Biol. Chem., 1917, xxx, 181. 
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SUMMARY. 


1. The paper proves the existence of a definite temperature 
coefficient for the duration of life of the fruit fly (Drosophila). 

2. Since the experiments were made with fruit flies free from 
microorganisms death cannot be ascribed to bacterial poisoning. 

3. The temperature coefficient for the duration of life of the 
fruit fly is approximately identical with the temperature coeffi- 
cients for the duration of the larval and pupal stage between 15° 
and 25°C., z.e., within the limits where development is normal. 

4. The duration of the three stages in the life of aseptie Dro- 
sophila, and the total duration of life is, for temperatures between 
10° and 30°, as follows. 





Duration (in days) of 





Temperature. ? . | Total duration 
Larval stage. Pupal stage. Life of imago. | of life from egg 
| | to death. 





Pup die. a | 1775+X 
13.7 2: 
6.33 
25 5.82 4.23 
27. li 3.20 


30 oa 3.43 

















5. Small variations in the duration of life were noticed in dif- 
ferent aseptic generations of the flies; in the 32nd generation the 
rates were all slightly quicker than in the 20th to 22nd generation. 

6. Aside from the temperature the nature of food influences 
the duration of life and an ‘‘adequate’’ food supply is presup- 
posed for work on the influence of temperature as stated in the 
previous paragraphs. An adequate food supply for the growing 
larva includes yeast, while for the adult fly which no longer grows 
“glucose-agar” (with or without yeast) is sufficient. 

7. The observations on the temperature coefficient for the 
duration of life suggest that this duration is determined by the 
production of a substance leading to old age and natural death 
or by the destruction of a substance or substances which normally 
prevent old age and natural death. 
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THE EFFECT OF PROLONGATION OF THE PERIOD OF 
GROWTH ON THE TOTAL DURATION OF LIFE. 


By JOHN H. NORTHROP. 


(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, September 4, 1917.) 


It is a well known fact that the growth of an organism may be 
more or less retarded by supplying it with food insufficient either 
in quantity or quality. It has been shown! that in the case of 
“aseptic” Drosophila the growth of the larve may be greatly 
retarded by growing them on sterile fruit or other substances 
containing no yeast. The deficiency in this case is probably of 
the nature of the “vitamines’”’ or growth-promoting substances 
which have been so thoroughly investigated by Funk, McCollum, 
Osborne and Mendel, and others. It has also been shown! that 
this prolongation of the larval period is without effect on the 
duration of the pupal period. It seemed of interest to determine 
whether the duration of the next stage—the imago—was also in- 
dependent of the time required to reach that stage. The present 
experiments were undertaken in order to determine this point. 
Indirect evidence on this point has been brought forward by 
Osborne, Mendel, and Ferry,? who have shown that the meno- 
pause in female rats is delayed by stunting. Unfortunately 
their animals died from infection so that the normal duration 
of life was not determined. 

In all these experiments the cultures of flies were, as stated, 
completely free from microorganisms and the experiments were 
made in sterile culture media. The Erlenmeyer flasks con- 
taining the flies were previously sterilized in the autoclave for 
30 minutes as was also the banana or yeast used. The trans- 
ferring of the sterile flies into a new flask or their removal 
from the flask was done by the device given by Delcourt and 


1 Northrop, J. H., J. Biol. Chem., 1917, xxx, 181. 
2 Osborne, T. B., Mendel, L. B., and Ferry, E. L., Science, 1917, xlv, 294. 
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Guyénot,* which excludes contamination of the fly by micro- 
organisms. 

In the experiments described in Table I the eggs were laid on 
10 gm. of sterile banana in 120 cc. Erlenmeyer flasks. The 
parent flies were left in the flask for 4 days, during which time 
they laid a considerable number of eggs, and were then removed. 
After some time, as noted in the table, a sterile suspension of 
yeast in water was added. Upon emerging from the pupal 
stage the flies hatched from these eggs were transferred aseptically 
to 500 ec. flasks containing glucose-agar, on which they live as 
long as on yeast. The duration of life was then noted. Each 
experiment is the combined result of from six to nine different 
cultures. The flies used were of the thirtieth aseptic generation. 

The experiment was made in an incubator at 27.5°C. 

Table I shows the following facts. When yeast is added at the 
beginning of the experiment the average total duration of life is 
19.3 days at 27.5°, while when the yeast is added on the 8th day 
of the larval period the total duration of life is 25.5 days at 27.5°, 
and if the yeast is added on the 10th day the average total dura- 
tion of life of the fly is 28.9 days. This increase in the duration 
of life is wholly due to the lengthening of the egg-larval-pupal 
period by inadequate food supply to the early stages, since the 
average duration of life of the imago is, as the table shows, ap- 
proximately the same, namely, between 10.5 and 11.9 days. The 
larval period was, therefore, prolonged from 8 to 17 days, 2.e., 
over 100 per cent. When the yeast was added on the 12th day 
or later the life of the larve could no longer be saved and they 
died in the larval stage without being able to complete their 
development. It must be remembered that the absolute figures 
given in Table I apply only to the temperature of 27.5°C., and 
that they would have to be altered for other temperatures. 


3 Delcourt, A., and Guyénot, E., Bull. Sc. France et Belg., 1911, xlv, 249. 
* Loeb, J., and Northrop, J. H., J. Biol. Chem., 1917, xxxii, 103. 
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TABLE I. 


Effect of Prolongation of Larval Period on Total Duration of Life. 
Temperature 27.5°C. 





Number of — : : | 
— yng Experiment 1.|Experiment 2.|Experiment 3.|Experiment 4.|Experiment 5. 
0. 168. | | 





0 1-2 mm. 1-2 mm. | 1-2 mm. | 1-2 mm. | 1-2 mm. 


larve. larve. | larve. | larve. larvee. 
Yeast 
added. 
Pupe Yeast 
form.* added. 
Flies Pupe 2-3 mm. 
emerge. form. | larve. 
Yeast 








Number of 


flies which die. | added. 


2-3 mm. 
larve. 
Yeast 
added. 


10 





Pupe | 

form. | 

| Flies Larve 
emerge. | dead. 
Number of Pupe 

|flies which die. form. 





Flies 
emerge. 


"Number of 

flies which die. Flies 
| 
| 





emerge. | 
| Number of 
|flies which die. 
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TABLE I—Concluded. 





Number of days : | 
ae hee Experiment 1./Experiment 2./Experiment 3./Experiment 4.|Experiment 5. 
of flies. | 





21 
11 


») 





| 
| 
| 





Total number 
of flies 





Average total 
duration of 





Egg-larval-pu- 
pal period... 





Duration — of 
life of imago. a 5 10.5 














* All pup formed within a period of 3 days. The 2nd day of pupation 
is taken as the average time and is the one given in the table. The same 
approximation is made for the duration of the pupal period. The exact 
time could not be ascertained in this case since it was impossible to count 
the imagos as they emerged, owing to the necessity of keeping them sterile. 


SUMMARY. 


The experiments show that if the larval period is prolonged by 
inadequate feeding the total duration of life can be prolonged. 
This simply shows that the relative duration of each of the three 
stages is independent of that of the other two stages; and this 
would harmonize with the idea that the duration of each of the 
three stages is determined by the formation (or by the disappear- 
ance) of a definite specific substance, as stated in a previous 
paper.° 


* Loeb and Northrop, Proc. Nat. Acad. Sc., 1917, iii, 382 





THE EXISTENCE OF A GASTRIC LIPASE.* 


By MARY HULL ann ROBERT W. KEETON. 


(From the Laboratories of Physiological Chemistry and Pharmacology of the 
Northwestern University Medical School, Chicago.) 


(Received for publication, August 3, 1917.) 


The existence of a gastric lipase has been a much debated subject since 
Volhard (1) published his series of three articles in 1900 and 1901. The 
literature up to these dates was thoroughly revised. Investigations, 
stimulated by these articles, extended over a period of 12 years and have 
been summarized by Davidsohn (2) with a complete bibliography. 

By means of test meals, Volhard (1), Stade (3), Zinsser (4), Meyer (5), 
Sedgwick (6), and Heinsheimer (7) have shown unquestionably that lip- 
olytie activity for emulsified fats is exhibited by the stomach. However, 
they are not agreed as to the concentration or the source of the enzyme, 
whether it be a gastric or pancreatic product. 

Attempts to recover the lipase from pure juice (Volhard, 1, Pekelharing, 
8, Heinsheimer, 7, Laqueur 9) or to exclude a reflux from the intestines 
(Lendon, 10, Meyer, 11, Mueller, 12) have resulted in a fat-splitting power 
whieh is much below that found from test meals. 

Extracts of mucosa (Fromme, 13, Sedgwick, 6, Van Herwerden, 14) 
gave a decided lipolytic activity which Inouye (15) and Meyer (5, 11) 
were umable to confirm. Davidsohn (2), in studying the properties of 

ipase—reaction to acid, alkalies, and sodium fluoride—has ad- 

triking experimental evidence for its existence. However, the 

olhard and his workers to rule out a reflux of the pancreatic 

juice the intestines, and the low values reported by every one who 

has worked with even an approximation of pure juice throw some doubt 

on its existence in appreciable concentrations, if not on its existence at 

all. For these reasons it appeared desirable to attack the problem again, 
with the idea of studying the pure juice. 


Methods. 


The experiments were conducted upon dogs, some with gastric 
fistulas, others with Pavlov accessory stomachs, and still others 


* The data included were presented by Miss Hull in partial fulfillment 
of the requirement for Master’s degree from Northwestern University. 
June, 1917. 
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in which the pylorus had been blocked. The dogs with the Pavlov 
stomachs were the same as those employed in the investigation 
of Professor Long on the persistence of trypsin in contact with 
gastric juice (16). One other dog having a Pavlov stomach and 
his splanchnic nerves cut on both sides was operated upon for 
this investigation and has continued in most excellent condition 
for subsequent work. The pylorus was blocked in two ways. 
In the first series, the abdomen was opened under local anes- 
thesia and a ligature slipped about it. In one other case a com- 
plete separation was made under ether with the establishment 
of a duodenal fistula for furnishing fluids to the animal. Ani- 
mals in this group were killed after a short period. 

In order to secure a larger secretion of gastric fluids some 
stimulus of the stomach was generally necessary. This stimulus 
was accomplished in many instances through injections of gastrin 
and other gastrin bodies which were being studied by one of us 
in conjunction with Drs. F. C. Koch and A. B. Luckhardt of the 
University of Chicago. The injections were made into the 
muscles of the lumbar regions. 


Estimation of the Lipase. 


In most cases the extent of lipolytic activity was measured by 
determining the amount of a fatty oil or simple ester split in the 
incubation of the substance in contact with the gastric juice. 
The estimations were made upon both ethyl butyrate and neu- 
tral olive oil as substrates. Experience soon showed that it 
made little difference which was used. 1 to 1.5 cc. of gastric 
juice were added to 25 cc. of a saturated water solution of 
neutral ethyl butyrate, incubated 2 hours, and then titrated 
(phenolphthalein as indicator) with 0.05 n NaOH, after the ad- 
dition of 25 ec. of acid-free alcohol and 5 cc. of ether. The 
results are calculated to the amount of alkali that would be 
required to neutralize fatty acids split off by 100 cc. of the juice 
under similar conditions. Parallel blank tests which were run 
with boiled juices always gave a low titration value of 0.5 to 1.5 
cc. As will appear below, there were many cases where the ti- 
tration results were negative, indicating no enzymic action; but, 
when positive, the acid measured in this titration of ethyl buty- 
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rate, or corresponding titrations when olive oil was employed as 
the substrate, is actually acid separated from the ester and not 
formed by some possible autolytic process taking place in the 
juice during the period of incubation. It is conceivable that 
organic acids with an appreciable titration value might be formed 
in this way and this possibility had to be excluded. It was 
found, in the first place, that the acids from the digests could be 
readily shaken out with ether, while no measurable acid came 
from the juice itself when treated in the same way. Secondly, a 
boiled juice, when incubated alone and under conditions which 
would favor autolysis, furnished no appreciable amount of acid 
on titration. These observations, coupled with those made on 
the boiled juice just referred to, show beyond question that we 
are dealing with acid bodies found through the action of the 
gastric juice secured from the fistula or Pavlov stomach on the 
substrate and not with autolytic products. 

The method is, therefore, satisfactory for use. Some obser- 
vations made with the Volhard method and one of its modifica- 
tions will be referred to later for comparison. The fraction of 
gastric juices secured for examination always possessed some 
slight degree of acidity, mostly due to hydrochloric acid. This 
and the total acidity were found by the usual titration with methyl 
orange and phenolphthalein. . 


EXPERIMENTAL, 


Variations in Diet.—In beginning observations on dogs with 
the accessory stomach, it soon became evident (as observed by so 
many previous workers in the field) that the titration results 
were often negative, but there was always a possibility that some 
factor had been left uncontrolled in the observation. The ques- 
tion of adaptation of diet presented itself quite naturally. To 
test this, juices were collected under varying types of diet as shown 
in the footnote to Table I. Reference to this table, however, 
shows that in all types of diet tested the percentage of negative 
experiments was high, and that, of the positive experiments, the 
quantity of fatty acid formed was quite small. It is evident, 
therefore, that some other explanation must be sought for the 
inconstant presence and low values of the lipase as found in these 
pure juices. 
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TABLE I. 

. Lipase, 0.05 N 

Acid, pes cent NaOH per 100 
a cc. of juice. 

Character of diet.* 





Ethyl 
buty- 
rate. 


Olive 
oil. 








o 
5 


Mixed.. 

Raw meat 

Cooked meat wd 

Fat meal, not emulsified.......... 

Fat meal, emulsified... . 

Fat meal, emulsified plus gastrin 
injections............. 


on x J 





Go -» 
oS 


oe 
SI oot or 


“J 


-~ 
_— 

















* Mixed diet: boiled beef, bread, and milk. 
Raw meat: ground raw hamburg meat. 
Cooked meat: ground boiled beefsteak. 
Fat meal, not emulsified: boiled fat meat, ground and mixed with 

lard and butter. 
Fat meal, emulsified: milk, raw egg, beaten up with olive oil. 





Fasting Juice.—In the course of a piece of work published by 
one of us (17) attention was called to the high concentration of 
pepsin found in the juice from the stomach of the fasting dog. 
An examination of such a juice collected from an animal fed the 
day previous, secreted at the rate of 1.8 cc. per hour, no free 
acid, total 0.04 per cent, gave an activity of 80 cc. of 0.05 Nn NaOH 
measured by olive oil and 90 cc. measured by ethyl butyrate. 
The pepsin concentration was high. This experiment was very 
suggestive and was repeated a number of times, giving always 
this high figure, so that it came to be used as a method of obtain- 
ing.a stock solution of the active juice for study. It appeared 
evident that the low acidity of the fasting juice might, after all, 
be the important factor, and this was tested by many experi- 
ments. Some observations bearing on the behavior of the fer- 
ment in presence of acid and alkali were therefore suggested. 

Effects of Acids and Alkalies on the Lipase.—Our aim at this 
point was not to study exhaustively the properties of the enzyme, 
but rather to define the limits of its destruction so that we might 
be guided by these in searching for it. 
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Experiment 1.—The fasting juice was incubated (40°C.) with 4 ec. of a 
juice from an actively secreting stomach (free acid 0.51 per cent, total 
acid 0.53 per cent) for varying periods and then the activities of all the 
juices were estimated on ethyl butyrate as substrate with the following 
results: 





. . Lipolytie activity, 
Incubation period. 0.03 x NaOH. 





cc. 
Fasting juice (control).. 76.0 
Mixture. }$ hr. 4.0 
5.0 
1 0 
1 0 





This experiment was typical of several and showed the effect of a gas- 
tric juice, from an actively secreting stomach exhibiting itself no lipolytic 
activity, upon the gastric juice from the fasting stomach. When the 
juice from the actively secreting stomach was neutralized before exposure 
of the fasting juice to it the results are quite different, as seen in Experi- 
ment 2. 

Experiment 2.—The above experiment was repeated with the neutrali- 
zation of the acid in the juice from the actively secreting stomach before it 
was added to the fasting juice. 


Incubation period Lipolytie activity, 
; I ; | 0.05 s NaOH. 
| 





Fasting juice (control).. 80.0 
ae. ree Roaere 70.0 
65.0 
25.0 
10.0 





Experiments 3, 4, and 5 show the effect of acid and alkali and water on 
the lipolytic value of the fasting juice. 

Experiment 3.—Incubation with HCl of the same titration value (0.5 
per cent) as the actively secreted juice. 
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Incubation period. | Lge es oi. 
| ce. 
Fasting juice (control).. | 75.0 
Mixture. 5 min..... 8.0 
Be | 5.0 
Bw ato 2.0 
ee Lae tase 0.0 


Experiment 4.—Incubation period 30 minutes with varying concentra- 
tions of acid. 





Acid concentrations. | Lipolytie activity, 








0.05 w NaOH. 
ecceaneereeaeage 
Fasting juice (control).. 90.0 
Mixture. Water............. ; 75.0 
0.10 per cent HCl......... ; 48.0 
Bledel, GOO PR Ee : 20.0 
— " * ere va nescel 5.0 


eo ea j -| 0.0 





Experiment 5.—Iscubation period 30 minutes with varying concentra- 
tions of alkali. 


Lipolytic activity, 


Alkali concentrations. 0.05 x NaOH. 
| ce. 
Fasting juice (control).. : | 75.0 
Mixture. Water.... kote «kis 65.0 
0.10 per cent NaOH... ~ Sa 8.0 
ao: ete adi 5.0 
Cz * es ea ciate ee tacipateiais 0.0 





We may conclude from these data that the gastric lipase is a 
very unstable body since activity is lost even in water solution 
and quite rapidly in solutions with increasing quantities of H 
and OH ions. 

Recovery of the Lipase from a Stomach in Active Secretion.— 
Having defined roughly the limits as to acid concentration and 
the time of exposure to these within which one might still hope 
to secure a.juice with lipolytic activity, we endeavored to attack 
more directly the explanation for the low activity of a juice 
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coming from an actively secreting stomach. Three possibilities 
present themselves for consideration. The origin of the lipase 
may be from a source analogous to mucus, being favored by periods 
of low secretory activity, and lost in the great dilution coming ro 
with the full secretion. It might obey the same laws as the other i 
gastric enzymes, and yet on account of its sensitiveness to the H 
ions be destroyed before it could be estimated. Finally, we may 

be dealing with an intracellular enzyme which finds its way into 

the gastric juice quite by accident, or a product separated from 

the blood stream, and in this case its significance would be that 

of an excretion rather than a secretion. 

Obviously the next experimental step was to neutralize the 
‘ juice as soon as it could be collected. The Pavlov animal with, 
splanchnics cut on both sides secreted, on a meal of meat and ex- 
tractives, 25 to 30 cc. an hour (free acid 0.5 to 0.6 per cent). 
This juice was neutralized with NaOH as it dropped into the col- 
lecting container. Certainly not over 5 minutes could have 
elapsed from the moment of secretion until that of neutraliza- 
tion, and yet in no case could lipolytic activity be recovered; 
similar experiments on another animal gave no activity with a 
juice of 0.35 per cent free acid, but a small lipase content (2 cc. of 
0.05 n NaOH) when the secretion level dropped to 0.22 per cent. 

Table II shows the effect of neutralizing the juice (immediately 
and after 30 minutes) obtained from a stomach which has had 
its secretory activity depressed, but which is nevertheless exhib- 
iting activity. 

In order to get at the possible physiological réle of the lipase 
it seemed worth while attempting to reduce the acidity within cu 
the stomach by the introduction of peptone. So the pylorus 
was blocked by a ligature in the manner previously described and 
the experiment was performed the next day (Table III). 

One could hardly hope for a more perfect demonstration of the 
fact that any procedure which reduces the acidity, whether it be 
peptone injection or immediate neutralization with alkali, gives a ' 
high lipolytic activity. 

With this explanation before us it is possible to interpret a 
large number of lipase estimations made in the early part of the 
work, which at first seemed to have no value. These had been 
made upon juice collected from gastric fistula dogs under stimu- 
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lation from gastrin bodies. Twenty-five experiments in all were 
run, simultaneous estimations of trypsin being made to check 
the regurgitation from the intestines. Table IV gives the four 
experiments from these twenty-five which showed lipolytic ac- 
tivity. In the others it was absent entirely or too low to be of 
much significance. 

It will be noted that in only one of these cases was the acid 
present in appreciable concentrations. It is further of interest 
to note that in the two cases (Vb and VIb) in which there was re- 


TABLE II. 
Pavlov Stomachs. 
Fat Meal: 50 Gm. Cooked Meat (Extractives Removed); 75 Gm. Lard; 25 Gm. 


Crackers. 
lacd coreane |uipase] 
| wn Acid, per cent | 0.05 N | 

Pimeof | vole | HCl. =| NaOH | 
tion ; ume. | he per | 
. | 100 ce. | 


* |of juice. | 
oe 


Ani- - 

mal. ae erl Remarks. 

| Free. | Total 

See: ati 

| | @. 
| 


I |1shrs.| 93 | 0.15 | 0.18 | 60.0 | Juice neutralized after 30 min. 
intervals. 





| 


| | | | 
| 14 “ | 17.3 | 0.18 | 0.19 | 75.0 | 





Meal of meat and extractives. Collections of juice 12 hours after feeding. 
| 30 min. | 5.0 | 0.13 | 0.22 | 19.9 Neutralized at end of 30 min. 
ie, .22 | 0.26 | 16.6 i 
| 30 80.0 | Neutralized as collected. 
25 .35 | 0.42| 3.0 | Neutralized at end of 25 min. 
25 | 4. 27 | 0.33 | 13.0 
| ; 72.0 | Neutralized as collected. 





ee 








| 25 





gurgitation of intestinal contents as shown by the trypsin pres- 
ent, there was no increase in the lipases. 

In the earlier part of the work the pylorus was blocked in three 
animals and they were then injected with gastrin. In the ma- 
jority of the cases a small lipolytic activity, corresponding to 4 
to 10 ec. of 0.05 Nn NaOH, was obtained without any precautions 
being taken to control the acidity of the contents. Interpreta- 
tion of the work at that time favored the view of the relative 
unimportance of the enzyme. 
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TABLE III. 


Neutralization with Alkali and Peptone. Pylorus Blocked. Gastric Fistula. 





Time. 





Lipase, 
0.05 N 
| NaOH 
| per 
——| 100 ee. 
Total. jof juice. 


! 
. Acid, per cent 
HC 


Vol- 


Manipulation. 
ume 


Free. | 





én. | os. 
60.0! 0.0 | 0.16 


Emptied stomach. 





Intravenous injection of salt solution 150 ee. 





10.00 
10.30 
11.00 


11.30 





Neutralized after 30 min. | 22.5 | 0.06 | 0.23 | 86.08 
“ | 20.0 | 0.21 | 0.30} 7.0 
Neutralized as secreted. 9.0 | 78.3 
Neutralized after 30 min. | 12.0 | 0.07 | 0.23 | 79.0 
“ | 10.0 | 0.07 | 23 | 63.0 


Collection. 


Collection. 
Collection. 





12.45 





65 cc. of 5 per cent peptone solution introduced into stomach. 
1 cc. of gastrin injected into back muscles. 





Stomach emptied. | 33.0 | 0.0 | 0 


| 0.50 | 82.0 
: | 15.0 | 0.31 | 0 


40 | 8.0 





20 ce. of peptone solution introduced into stomach. 





Stomach emptied. 33.0 | 0.14 | 0.: 
Stomach drained through fistula and | 23.0 | 0.31 | 0.38 
neutralized after 30 min. | 





TABLE IV. 
Gastric Fistula Dogs. 


Spontaneous Secretion and Secretion Stimulated by Gastrin Bodies. 





Trypsin, 0.2N 


Acid, per cent 


Animal. Quantity. 


HCl. 





Free. 


Total. 


Lipase, 0.05 nN 
NaOH per 
100 ec. of juice. 


NaOH for 
amino-acid 
per 100 cc. of 

juice. 





0.04 
0.04 
Very low. 
0.36 
0.30 
0.39 











0.11 
0.14 


0.42 
0.39 


0.53 
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Concentration of Lipase by Volhard’s Method.—Since much of the activity 
of gastric lipases is expressed in terms of Volhard’s method, especially as 
modified by Stade, it seemed of interest to measure our juices by the same 
standard. The method in brief is this: I. 20 cc. of a substrate consisting 
of three egg yolks beaten with 100 cc. of H,O were incubated with the 
enzyme mixture for 2 hours at 40°C., at the end of which time the mixture 
was dried and extracted by the Soxhlet method. Alcohol was added to 
the ether extract and the free fatty acid titrated (phenolphthalein as in- 
dicator). II. This solution was then saponified and the total fatty acid 
estimated. The per cent of fatty acid split was calculated by the formula 
1.100 
I+I1 
per cent of fatty acid in the control was subtracted from that in the first 
case, thus giving the per cent of acid split by the enzyme. The Stade 
modification of this method was the shaking out of the digestion mixture 
with ether and titrating the fatty acid—No. 1—before saponification; and 
—No. IIl—after saponification. Calculation was the same as above. In 
the reported work by Volhard and Stade they used fluids obtained from 
test meals and also extracts of the gastric mucosa. It is therefore difficult 
to compare their results with those we have found, since the amount of 
actual gastric juice present in a given volume of a test meal is unknown. 
Some comparison is, however, desirable and to make this, 1 ce., our rou- 
tine test quantity, of clear juice was introduced into the substrate. The 
per cent of splitting by the Volhard method was found to be 28.2 per cent 
and by the Stade modification, 22.1 per cent. 


Controls were run, using boiled enzyme exactly as above. The 


Origin of the Lipase.—This much seems to be clear, that the 
source of the lipase is influenced by the secretory activity of the 
stomach. The total number of lipase units secreted rises with 
activity, since the concentration per unit volume falls very 
little over that of the fasting juice while the quantity of juice is 
enormously increased. Such a fact enables us to eliminate an 
origin analogous to mucus, but forces us to consider whether we 
are dealing with an excretion or secretion. 

Blood Serum.—On examination, the concentration of lipases in 
serum by our method showed a value of 15.7 cc. of 0.05 Nn NaOH 
(average of four estimations). It will be seen that this value is 
about one-fifth of that found in the gastric juice which has been 
immediately neutralized. Carlson and Ryan (18) have shown that 
in the case of the cat’s saliva diastases are to be found, and they 
regard these as filtered from the blood stream. A similar state 
exists in the secretion of urinary diastase from the serum (King, 
19, and others), yet an abundance of evidence exists to show that 
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an excretory organ can separate a fluid of higher out of one of 
lower concentration; viz., urea in the case of the kidney, and 
ammonia in the case of the gastric juice (Huber, 20). One must 
remember, however, that these classes of substances do not in- 
clude enzymes. To settle the question finally one should study 
the properties of the lipases of each fluid and thus their identity 
or difference could be conclusively established. Analogy, how- 
ever, is rather against the view of the origin from the blood 
stream. 

Origin from the Mucosa.—Greene (21) has studied fat absorption 
in the King salmon and finds that on feeding olive oil, fat is ab- 
sorbed in appreciable quantities from the pyloric portion of the 
stomach. The distribution of fat in these cells is not in keeping 
with the view that they are storage depots. Viewing the ab- 
sorption process in the stomach as similar to that in the intes- 
tinal cells, he finds here a definite argument for the existence of a 
gastric lipase. 

In order to see what concentrations of lipases are separated by 
intestinal cells, which are par excellence cells of absorption and 
which therefore have an optimum concentration of intracellular 
enzyme, a study of succus entericus was made. Juice from a 
Thiry fistula, isolated from the upper jejunum, collected under 
widely different intestinal food states, gave a constant lipase con- 
tent of 15.87 cc. of 0.05 N NaOH (average of seven estimations). 
This value, it will be noticed, is the same as that in the serum and 
only one-fifth of that of gastric juice. Values of 80 to 90 cc. of 
0.05 x NaOH (gastric juice) appear rather high to be explained 
as by-products which the cells lose either in the performance of 
their own metabolism or the function of absorption. 

If, then, the gastric lipase is a secretory product of physiological 
value we must picture to ourselves some mechanism by which it 
may escape destruction. 

Pavlov (22) throughout his studies has contended that the 
cells of the stomach have but one level of HCl acid partition and 
that is a maximum one, in the neighborhood of 0.5 per cent, and 
that the lower values are due to secondary neutralization. This 
view has been more recently supported-by Rehfuss and Hawk (23). 
On the contrary, Foster and Lambert (24), by studying the total 
chlorides, and Carlson (25), who studied the “continuous secre- 
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tion or hunger juice,”’ present evidence that the gastric mechanism 
is capable of working at different levels. If the Pavlov view be 
true, then we must conceive that the time interval during which 
this juice of high acidity acts upon the lipase is too short for the 
destruction of the enzyme. We are more inclined to view the 
actual recovery of the enzyme from the stomach contents as 
shown in our experiments as another argument that the Pavlov 
view is incorrect. 

As one looks over the possible origins of the gastric lipase, the 
view that we have an enzyme which is secreted as the other di- 
gestive enzymes seems to harmonize best with our experimental 


evidence. 

Réle of the Gastric Lipase in Digestion.—W hat is the importance 
of this gastric lipase in digestion? It has usually been assumed 
that, even admitting its presence in the stomach, the work ac- 
complished cannot be relative in comparison with the ordinary 
pancreatic digestion. This is possibly true. 

The persistence of lipase in the stomach certainly seems to be a 
function of the free acidity. An acidity of 02 per cent of HCl 
appears to be about the upper limit for the recognition of much 
lipase, but in clinical observation this free acidity is not soon 
reached in the normal stomach under the usual diet conditions 
with average amounts of protein present to hold the acid. It is 
therefore highly probable that, before the acid can accumulate 
to the point where it can more than saturate the proteins, the 
lipase enzyme will have an opportunity of doing appreciable work, 
as the ptyalin of the saliva certainly does and as administered 
trypsin must do also, as pointed out in the investigation from this 
laboratory presented by Long (16). From the data at hand itis 
not possible to state just what the relative importance of this 
gastric lipolytic activity is, but it is evident that in estimating 
the general work of the stomach, it should not be overlooked. 


The authors wish to acknowledge their obligations to Professors 
Long and McGuigan for assistance and suggestions in the pursuit 
of these studies. 

SUMMARY. 


1. The occurrence of gastric lipase was studied in pure juice 
obtained from dogs with Pavlov stomachs and those with pylorus 
ligated. The secretion was excited by gastrin bodies and food. 
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2. The fasting and acid-free juice always contains an appre- 
ciable concentration of lipase. 

3. The lipase is quite sensitive to acid and alkali, being almost 
completely destroyed by a 15 minute exposure to 0.2 per cent 
HCl. 

4. The enzyme may be recovered from the stomach showing 
low acid secretion by neutralizing the juice immediately; and from 
stomachs in high secretory activity, if the acid be reduced by the 
addition of protein, such as peptone. 

5. In a series of trials 1 ec. of fasting juice gave a fat-splitting 
of 28.2 per cent by the Volhard method and 22.05 per cent by 
the Stade modification. 

6. The concentration of the enzyme in the gastric juice is five 
or six times that in the succus entericus and the blood serum. 

7. The view that the lipase is a true gastric secretory product 
is discussed and favored. 

8. The probable practical importance of the lipase in stomach 
digestion is emphasized. 
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